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ABSTRACT 


Tundra and taiga populations of the northern red-backed vole, 
Clethrionomys ruttlus, were studied in the Northwest Territories 
from 1971 to 1973 primarily by means of dead-trapping and autopsies. 
Taiga study sites were within 6 km southeast of Inuvik (68°00'N; 
133°43'W) and primary tundra study sites were within 15 km of Tununuk 
Pt. (69°00'N; 134°40'W), approximately 80 km northwest of Inuvik. 

Age of animals was determined by stage of development of the second 
upper molar. Reproduction; body and skull size; adrenal, kidney, and 
interscapular brown adipose tissue weights; and wounding were analyzed 
in relation to changes in relative numbers and environmental conditions. 
Animals were shorter, but not lighter, in the taiga in 1971 than in 
other years in the taiga or on the tundra; this may have been related 
to the high population density in 1971. Adrenal weights did not reflect 
changes in relative population density, and kidney and interscapular 
brown adipose tissue weights generally reflected only annual changes in 
environmental conditions. Incidence of wounding was higher in the 
tdiga wn lo7l than in 1972 or,1973: this was nelated to the high popula- 
tion density in 1971. Incidence of wounding in late-born young-of-the- 
year was generally higher on the tundra than in the taiga. It was 
hypothesized that this was due to intensive intraspecific competition 
for the restricted suitable overwintering habitat on the tundra. 

Taiga population indices (number caught/100 trap nights dead 
trapping) at the beginning of summer decreased from 1971 (4.4) to 1972 


(1.9) and 1973 (1.2), but late summer indices were higher in 1971 (iia) 
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and 1973 (6.8+) than in 1972 (4.1). Tundra population indices were 
lower than those in the taiga and were probably similar each year at 
the beginning of summer (about 0.5). Late summer indices were likely 
Similar in 1971 and 1972 (6.5) but were lower in 1973 (2.1). 

Changes in population size were caused primarily by differences in 
overwintering mortality and annual production. Variations in over- 
wintering mortality (55-95%) were attributed to differences between 
years and areas in environmental conditions during fall critical period, 
winter, and spring critical period. Variations in summer production 
were caused by variations in the proportion of first-litter young 
breeding in the year of their birth (45-77% of females; 2-38% of males). 
The proportion of first-litter young breeding appeared to be inversely 
related to population density at the beginning of summer. 

The populations studied did not offer impressive evidence of being 
cyclic. It was hypothesized that the taiga population was regulated by 
density-dependent regulation of the proportion of first-litter young 
breeding in the year of their birth; while the tundra population was 
controlled by density-independent overwintering survival. Extrinsic 
factors, therefore, played a greater role than intrinsic factors in 
control/regulation of the tundra population; while the roles were 


reversed in the taiga. 
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INTRODUCTION 


Elton (1924) first clearly pointed out the marked fluctuations in 
animal populations, particularly those in northern anes: Since that 
time interest in population dynamics has increased (see Warren 1958, 
Boer and Gradwell 1971) and many theories of population regulation have 
been advanced (see Bakker 1964, Clark et al. 1967). Population fluctu- 
ations have often been particularly marked in small rodents (Elton 1942) 
in regions where snow is an integral part of their environment (Formozov 
1946). 

Fuller (1967) reviewed some characteristics of the northern 
environment and stated that he believed it was some of these features 
which play an essential role in controlling the numbers of northern 
animals. He suggested that there are two critical periods in the year 
for small mammals. The first had previously been suggested by Pruitt 
(1957) and is the time of changeover from summer to winter conditions. 
The type of fall, Fuller suggested, would affect rodent populations both 
directly through mortality and indirectly through the degree of preser- 
vation of the food supply. The second critical period occurs during the 
changeover from winter to summer conditions. This spring critical 
period, Fuller noted, had previously been implicated by Soviet workers 
at least since Dunaeva (1948). The spring critical period could affect 
small mammals both through mortality and by controlling the timing of 
the onset of breeding. Fuller et al. (1969) also hypothesized that 
winter mortality might control the numbers of small mammals in regions 


with long snowy winters but his study (Fuller 1969) in the taiga* 


“In this thesis the term taiga will be used for the northern coniferous 
(boreal) forest (Hoffmann 1958). 
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provided no support for this hypothesis. However, the study did indi- 
cate the importance of the spring critical period and suggested that it 
acted ''not through altering mortality, but through advancing or retard- 
ing breeding and hence altering recruitment." Recent studies have indi- 
cated the importance of the spring critical period (Fuller et al. 1975b) 
and of the fall critical period and winter conditions (MacLean et al. 
1974, Pitelka 1973) to lemmings in tundra areas. 

Snow conditions vary drastically between soft, relatively even snow 
in the taiga and dense, unevenly distributed snow on the tundra (Formozov 
1946, Pruitt 1965, 1970). Taiga snow generally provides better insula- 
tion for subnivean mammals than tundra snow. 

The northern red-backed vole, or red vole, Clethrionomys ruttlus 
(Pallas), occurs throughout the Eurasian taiga, the species' northern 
boundary coinciding approximately with the treeline, but with some 
intrusions into the tundra (Ognev 1950). In northwestern North America, 
however, it is common on the mainland tundra as well as in the taiga 
(Bee and Hall 1956, Manning 1956). Because the species spread into most 
of its North American range since the end of the last glaciation 
(Macpherson 1965), C. ruttlus can be considered to be primarily a taiga 
species which only relatively recently has exploited tundra habitats to 
any extent (cf. Schwartz 1963). 

Taiga populations of C. ruttlus have been studied in the Soviet 
Union (Koshkina 1957, 1965, 1966b, 1967a,b, 1974a; Krivosheev 1961; 
Popov 1964; Shtil'mark 1965 and others) and in North America (Fuller 
1969; Fuller et al. 1969; Sealander 1966, 1967, 1969, 1972; Sealander 
and Bickerstaff 1967; Whitney 1973 and others) but tundra populations 


have received little attention (Bee and Hall 1956, Manning 1956, Mayo 
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1963, Pruitt 1966) and no comparative work has been done. 

The uplands east of the Mackenzie Delta, Northwest Territories, 
include taiga and tundra areas in close proximity due to a narrow 
transition zone. The macroclimate, microtopography, and ground cover 
and shrub-layer vegetation are quite similar but, as mentioned 
previously, snow cover is markedly different. This then presents an 
area where a comparative study of taiga and tundra populations might 
provide a basis for testing Fuller's hypothesis on the role of fall and 
spring critical periods and winter conditions on small rodent popula- 
trons: 

One would predict that the effect of adverse fall, winter, and 
spring conditions would be more pronounced on the tundra than in the 
taiga and that this might be apparent in the mortality rates, timing 
and intensity of reproduction, and general condition of the two popula- 
tions. This study was designed to monitor simultaneously both tundra 
and taiga populations of C. rutilus to see if such differences were 
apparent and if they were related to differences in snow cover and 


environmental conditions. 
STUDY AREAS 


The taiga study sites lie within 6 km southeast of Inuvik (68°00'N; 
133°43'W) and the tundra study sites lie within 15 km of Tununuk Pt. 
(69°00'N; 134°40'W), approximately 80 km northwest of Inuvik (Fig. 1). 
In 1971, a tundra site 11 km south of Tuktoyaktuk (69°27'N; 133°02'W) 
was also trapped. 

The Tununuk study area is in the Tununuk Low Hills Section (IIIa) 


of the Pleistocene Coastlands Physiographic Region of Mackay (1963). 
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Figure 1. Map of Mackenzie Delta area showing location of study sites. 


wore £9%8 atiod eisnedosM to gem 


gies 


i 
“Wks 


Sad 


(Pig 


> 


} 


This area is characterized by gently rolling hills up to 61 m in height. 
The vegetation of the area has been described by Cody (1965), Corns 
(1972, 1974) and Lambert (1972). At the primary Tununuk study sites 

the dead-trap stations were classified as to habitat type according to 
Corns (1972, 1974) with the modification that each of the heath classes 
was divided according to presence or absence of Alnus crispa: Sedge 
Heath became Sedge Heath and Sedge-Alder Heath (Table 1). The study 
sites were dominated by dwarf shrub-heath communities characterized by a 
shrub layer of Betula glandulosa, Salix glauca, and Alnus crtspa. 
Associated with these shrubs are many heath species such as Ledum 
palustre, Empetrum ntgrum, Rhododendron lappontcum, Arctostaphylos rubra, 
A. alptna, Vaeciniun ultgtnosum, and V. vitis-idaea. Also associated 
with these communities are species such as Carex lugens, Lupinus arcticus, 
Rubus ehamaemorus, Pedicularts lanata, and Petasites frigtdus, as well as 
mosses and lichens. In moister locations Carex lugens and varying 
amounts of een roman vagtnatum dominate the ground cover. 

The Inuvik study area is in the Campbell Lake Hills Physiographic 
Region (Va) of Mackay (1963). This is a rocky and hilly area with a 
thin veneer of glacial till. The forests are in the Open Woodland Zone 
of the Boreal Forest (Hare and Ritchie 1972) and in the White Spruce- 
Black Spruce-Lichen Region (1) of Zoltai and Pettapiece (1973). The 
area has been burned repeatedly and all study sites are in approximately 
80-120 year old burns. Reestablishment of the forest takes about 150 
years on dryer sites and may take hundreds of years on moister sites 
(Zoltai and Pettapiece 1973). According to Strang (1973) the absence 
of fires would lead to an almost tundra-like condition in the area. 


While there are no quantitative studies on the forests of the study 


sigiod ab m 18 oF qu ettid iin cunnmaieuuame eh 
arcs AeBALY yh vd bedHigh aed eit aoe off? 20 moktndegey edt 
aodize xpitke, Avant qisaitxg oft 3A (S8@t) s1scas] bas (eter Sten) 

or gribrossa oqet tetidsd ot 26 belticenio stew esoitete gors-baab est 


eszenis dtsed S47 Yo dase: tan? qoliasitibom ody dxtw (AVOL ,Svet) ennod | ‘. 
ogbe® :aqstam synth to sonsade ro soaseemq oF gnibrosaR babivih esw | y 
ybut2 oaT .(1 aidsT) disc TebiA-syhee bre disah ogbse omsoed tee : 

; : 


e vd bes tisgoexsds coitinumios dtsen-duide trewb @ beséaimob exow esate | 

.yskeo suOTA bas .powmdy aiins pasat ated p plutei to teyel duzde se 

| miSel es dove esioede Mise yasm ots edirde ston? titiw ata tht i 
sida soliiqnisotoxh mimixedans nonkysboboat omircgan namisqye arresting 


beteicoees o&fA .nopbt-stsde N brs mbordgrts mitessY crap A 


audssoun, avnrgud .swegil wemd 2s dove esfgsge ors, 2eidinummpo overs Agkw 7. 
as Ifew es ,eubrpiny agtsenied bas somawd aitolwolhsd  sstcomacmote audit 7 


‘Qhiyray bas exagsd aexc0enolsecol tetetoaal .enerdoit bas wae2om 
<apveo bruory oft otenimob meyontgou moefyeita to eimmoms _ 
oisiqatgofeydd 2ifiH oxed ILedqms3 entt ai -at.sers ybuse divunl off § ie 
& Atiw sets yllid bre yAsor s te 2tdt .(€ael) yess! Yo (eV) nokgor \ va 
- gnod baslbooW maqO odt ni ors etesto? ofT i fis (eioaly te tesmev mids . 
-sousge stidW sd3 ak bas (SV@l oidotif bas oxcH) t<e107 laotel eft Yo 
sit (ECGs) eeigettet has igtioS io (1) notges nsdoid-eourge Josie 


ylotamixonygs mi ers eetie vbute iis bas \Ihetseqet benrud caoed zat seta : 
oe soda. zou Beane? on ‘to daenics ida eaeh .ertud blo tsey O&1-08 ; 
are 092.60 10) etsoy 6 shabu e182 yeu bre eatie seyth ao e1m9y | ; 
sonedds ons (ENGL) gens? 03 gaibros9a (eve! so9iqa3994 bis iastoS) 3 
BOTH edt smd mois shies siil-etbavt teowls o8 o3 bes! bluow gett? to \ & 
bute sits Yo’ etdetot ait ao zelbute ovitatttasup on ets otodt oti ay 


/ : : “vy 
4 
rf 


( 


i 


(S22 } y.e9H UOsATOg-USYSTT 


(Gags } UueOH UsYoTT 
(Og COSY ems EZ) (GaP Lea. 6.) yzeeH sseisu0j20)-e3pas 8 YyWSH e3pes 
(CO Bi ame Can) @(0es2) Y3BOH LOPTy-Sse13u0j109)-a8pas 
5b yeeH Ieply-e3pes 
Oaee Z°9Z 9'°LS 9°6T *41°6 adh], y2VayH-qnaiys JlemMq-qi9eH 
(9-00) tee (98S) Mir er) Be Oo) We eR) yeeH MOTITM 8 
; ‘y2e9H MOTI TM-Yoitg “YyeeH YdIT_ 
(2°GS Ma ( Gol ome (8 0c ae (9260) 09 i) yey LOply-yoitg 
9°LL SECs Z°z9 6°6ZL 8°68 eddy yyeaH-qniys F1eMq 
p°0 Z°O Z°0 Z°0 I'T adx] qzeH-qnzys TIeL 
[00S] [006] [oo0t] [008] [vz¢] 
S 17 ¢ Z I (pL6I *‘ZL61 SULOD WoTFZ POTFTpou) 
seqts Apnis edXy, yeTGeH 


"szayoeIq UT paTFIsse[o suotjeys JO TaqunyN ‘eore 
Apnjs ynununy eyz 10F 9dXz WeYTGeYy YyOeS UT SUuOTIeIS deij-peep Fo 9S8eQUSDIEG “T STQe] 


Whiiwd hh 


vent ‘ory, ae 


ci 


area, Similar forests have been examined in the mountains west of the 
Mackenzie Delta (Wein 1971, Hettinger et al. 1973). 

The successional forests of the study area fall into two main types: 
paper birch-white spruce forests on relatively dry south or southwest 
facing slopes, and black spruce forests on other exposures. Willow 
associations occupy lowlying drainage channels but these were not 
trapped extensively. The paper birch-white spruce forest is dominated 
by Betula papyrifera humilis with a small mixture of Picea glauca. 

Saltz spp. is sparse in some stands and very dense in others. Low shrubs, 
Betula glandulosa and Ledum palustre, are not common and ground cover 
tends to be sparse. The major ground cover species are Vaccinium vitis- 
tdaea, Empetrum nigrum, Ribes triste, Luptnus arcticus, Pyrola secunda, 
and Rosa hiya. Mosses and lichens are common but not abundant. 
The black spruce forest is characterized by Ptcea mariana and varying 
amounts of Salix spp. There is a dense shrub layer of Betula glandulosa 
and Ledum palustre. The major associates of the community are Rosa 
actcularts, Petasites frigidus, Calamagrostis canadensts, Rubus 
chamaemorus, and Vacetnium vitts-tdaea. Some other species present are 
Pyrola grandiflora, Eriophorum vaginatum, Empetrum nigrum, and Vaccinium 
uligitnosum. There is also a dense ground cover of mosses and lichens. 

Lambert (1972) noted that, on the uplands east of the Mackenzie 
Delta, the dominant plant species appear almost everywhere in the 
tundra and forest communities without regard to landform. These are, 
he noted, Betula glandulosa, Vaccinium vitis-idaea, Ledum palustre, 
Empetrum nigrum, and Arctostaphylos rubra. Throughout both the taiga 
and tundra, earth hummocks of 70-170 cm in diameter and up to 35 cm high 


are common elements of the ground surface (Mackay 1963). Therefore, 
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although there is a marked shift in plant communities from taiga to 
tundra, the microtopography and the plants with which small mammals are 


closely associated are essentially the same. 
CLIMATE 


The seasons will be considered in terms of snow on the assumption 
that it is the single most important climatic factor to northern small 
mammals. Winter, therefore, is the season of persistent snow cover, 
and hence relatively stable subnivean conditions; summer is the season 
without a persistent snow cover. There is a period of active snow melt 
in late May or early June marking the changeover from winter to summer 
conditions and an ephemeral period in late September or early October 
preceding the establishment of a persistent snow cover and marking the 
changeover from summer to winter conditions. This latter period is 
often characterized by frequent light snowfall and rapid melting. These 
times of changeover are the spring and fall critical periods proposed 
for northern small mammals (Dunaeva 1948, Fuller 1967, Pruitt 1957). 
Spring and autumn are of short duration; therefore, small mammals in 
the study areas experience, in effect, only two seasons: a four-month 
summer and an eight-month winter. 

Since 1957 there has been a weather station operating at the Inuvik 
airport, approximately 7 km southeast of the taiga study area, and at 
Tuktoyaktuk, approximately 80 km northeast of the tundra study area. A 
weather station operated at Tununuk Pt., the centre of the tundra study 


area, from 1957 to 1963. Normal* values for Inuvik and Tuktoyaktuk are 


* e . 
'Normal' refers to those values published as such by Environment 
Canada, Atmospheric Environment Service. Conversions were made 
from English to metric units. 
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more representative than those at Tununuk Pt. due to the longer record, 
a point to be kept in mind when comparisons are made. 

Normal mean monthly temperatures for Inuvik, Tununuk Pt., and 
Tuktoyaktuk (Fig. 2A) are similar during the period of changeover from 
summer to winter conditions (September-October). During most of the 
winter (November-April) temperatures at Tununuk Pt. and Tuktoyaktuk are 
Similar to each other, but Inuvik has lower mean minimum temperatures 
November to February and higher mean maximum temperatures in March and 
April. At the time of changeover from winter to summer conditions (May- 
June) Inuvik is warmest, both in mean minimum and mean maximum tempera- 
tures, and Tuktoyaktuk is coldest. All three areas are similar in July 
and August, although Inuvik has somewhat higher mean maximum temperatures. 

All three stations show similar amounts of rainfall in May and 
June (Fig. 2B); while in July and August Tununuk Pt. shows intermediate 
values for precipitation. Tununuk Pt. has a wetter September than the 
other stations. Inuvik has a heavier snowfall than Tuktoyaktuk in May, 
August, and September. Cumulative normal winter snowfall values (Fig. 
2C) probably underestimate snow accumulation in the taiga and over- 
estimate it on the tundra due to the translocation of snow by wind 
(Hare 1971). Snow accumulation at Tununuk Pt. shows a eiwiiae pattern 
to that at Tuktoyaktuk. Much of the snowfall in May occurs early in 
the month, before snowmelt, and much of the snowfall in September occurs 


late in the month and usually stays. 


METHODS 


Live-trapping 


Two 6.25 ha live-trap plots were set out approximately 4 km south- 
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Figure 2. (A) Normal mean temperatures (maximum and minimum), 
(B) precipitation, and (C) cumulative snowfall for Inuvik (I), Tununuk 
Point (T), and Tuktoyaktuk (K). 
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east of Inuvik. Plot I lay across a small stream valley and was char- 
acterized by mature black spruce forest on the north-facing slope, 
white birch forest on the south-facing slope, and willow scrub in the 
bottom of the valley. Plot II lay entirely in black spruce forest. 
Without my prior knowledge, a winter road was cleared through Plot II 
on 20 April 1972 and a road was cleared across Plot I on the lower 

edge of the south-facing slope on 4 March 1973. I could do nothing 
about the 1972 road but I restored as much of the cleared slash as 
possible to the 1973 road before live-trapping began. A third 6.25 ha 
live-trap plot was set out approximately 3 km northeast of Tununuk Pt. 
in an area covered by a dwarf birch-heath and a sedge-cottongrass-heath 
community and the ecotone between the two. In all three plots, trap 
POlNtsewere.set, out 25 miapart and twor/J0 X 7.6 % 22,9 cm (5°x 5 x 9in.) 
folding Sherman live-traps were set at each point and covered with moss 
or litter. The traps were checked morning and evening, and all small 
mammals caught were toe-clipped, for later identification, on their 
first capture. Upon capture each small mammal was identified, sexed, 
weighed, and then released. Adults were separated from young-of-the-year 
on the basis of pelage and weight (adults > 21 g). In 1971 a total of 
7,879 trap-nights were run on the Inuvik plots between June I* and 
August III, and 1,503 trap-nights were run on the Tununuk plot in 

June III and August II. In 1972 and 1973, 4,160 and 2,568 trap-nights 


respectively were run on the Inuvik plots between June II and July II. 


Dead-trapping 
Areas of well-developed black spruce forest, white birch forest 


“Months were divided into three periods of approximately 10 days each: 
I, 1-10; II, 11-20; III, 21 - end of month. These divisions will be 


used regularly in the thesis. 
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and mixed forest within 6 km southeast of Inuvik were trapped periodical- 
ly during the study. Trapping was done in a grid with trap lines normal- 
ly 375 or 750 m long, trap points 15 m apart, and 15 m between lines. 
These distances are approximate since measurement was done by pacing. 

Two Victor '4-Way" snap traps were placed separately within a one-meter 
radius of each point and baited with a mixture of rolled oats, peanut 
butter, and almond extract. When snow cover was present, pits were dug 
in the snow and traps were set at ground level in alcoves off the main 
pit. Trap lines were normally run for 72 h and checked each 24 h. Each 
grid was approximately 2-9 ha in size and usually two (1-3) sites were 
trapped each trapping period. Any given site was trapped only once a 
year, usually at the same time of year. Altogether 52,997 trap-nights 
were run in the forest for population indices during the study: 7,047, 
May-October 1971; 3,300, November 1971 - April 1972; 21,438, May- 
October 1972; 21,192, April-September 1973. Approximately 22,000 
supplementary trap-nights were run during the three years to obtain 
additional animals for autopsy. 

Six shrub tundra areas, within a 15 km radius of Tununuk Pt., were 
dead-trapped. One additional area, approximately 11 km south of 
Tuktoyaktuk, was trapped in 1971. Trapping methods were the same as 
for forest areas except that trap lines were run in pairs rather than 
in grids. In 1971 the lines were usually 375 m long but in 1972 they 
were up to 2,250 m long and usually at least 1,125 m long; in 1973 
they were normally 1,875 m long. A total of 44,104 trap-nights were 
run on the tundra for population indices during the study: 2,290, 
June-August 1971; 23,850, June-October 1972; 17,964, June-September 


1973. Approximately 8,400 supplementary trap-nights were run during 
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the three summers to obtain additional animals for autopsy. 


Autopsy 

Measurements of total length, tail length, and hind foot length (to 
the nearest mm) and total weight (to the nearest 10 mg) were taken on all 
dead-trapped specimens. The skin was removed and checked for the 
presence of bites. The stomach was weighed to the nearest 10 mg and the 
adrenals, kidneys, and interscapular brown fat (BAT) body were preserved 
in AFA. After fixing at least one week, these organs were cleaned of 
external connective tissue, dried at room temperature, and weighed to 
the nearest 0.1 mg. Testis length was measured and epididymal smears 
were made to check for the presence of sperm when the testis length was 
6-9 mm*. Female reproductive tracts were weighed to the nearest 10 mg 
and the number of embryos and/or placental scars, if present, was 
recorded. Tracts with embryos were preserved in AFA and embryos were 
examined later to estimate birth dates. Skulls were cleaned and condy- 


lobasal length was measured with calipers to the nearest 0.05 mm. 


Age Determination 
Age of embryos was determined by two techniques. Embryos were 

removed from their membranes and examined under a dissecting microscope 
(usually at 10-20x) for the stage of development (Tupikova 1964) and 
weighed (to the nearest 0.01 g) to determine conception age (Huggett 
and Widdas 1951). Normally four embryos were weighed together and the 
*Examination of epididymal smears of all males in the summer of 1971 
showed that males with a testis length of 10 mm or greater and 
macroscopic epididymal tubules always had sperm in the epididymis 


(functional); those with a testis length of 5 mm or less and micro- 
scopic tubules never had sperm in the epididymis (non-functional). 
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mean was recorded. It was very difficult to dissect out and weigh 
embryos weighing less than 0.02 g; therefore, a number of such litters 
were not weighed. Using Tupikova's tables the age of the embryos was 
determined by the external appearance of the uterus and embryos for the 
period of 11-12 days before birth and by the developmental characteris- 
tics of the embryo for the period from 10 days before birth to birth. 

I did not feel that pregnancies could be determined with any confidence 
earlier than 12 days before birth. 

Huggett and Widdas' technique requires an estimation of gestation 
period and weight at birth. Gestation period was taken to be 17 days 
since Koshkina (1957) reported 16-17 days for C. ruttlus; Svihla (1930) 
found 17-19 days, usually 17, for C. gappert; Wrangel (1940) gave 17.5- 
18 days for C. glareolus; and two litters of C. rutilus born in captivity 
during the study had maximum gestation periods of 17 days. Morrison 
et al. (1954) found the average birth weight of C. ruttlus, based on six 
litters, to be 1.71 g (1.55-1.95). Koshkina (1957) gave a range of 1.4- 
1.75 g, but the two largest embryos found in the present study were 1.84 
and 1.86 g. Birth weight was considered to be 1.71 g. 

Age of dead-trapped animals was estimated from the development of 
the second upper molar (M2) (Tupikova et al. 1968, Viitala 1971). 
Cleaned skulls were examined under a dissecting microscope at 20x and 
M2 (normally right) was exposed by flaking away the bone covering it. 
The stage of development of the tooth was noted and the root length, 
from the closure of the anterior groove along the anterior root, was 
measured to the nearest 0.1 mm using an ocular grid. 

Four successive stages in development of the tooth were noted 


(Fig. 3): (i) anterior groove open, (ii) anterior groove closed, 
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Figure 3. Sketches of the labial aspect of the second upper molar (M2) 
of C. rutilus showing the characteristics used in age determination. 
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(iii) neck formed, (iv) roots formed. Overwintered animals were easily 
distinguishable by the presence of long roots (> 1.0 mm, mid-June through 
October). Non-overwintered animals were separated into two groups de- 
pending on the degree of M2 development; the group with more advanced 

M2 development was divided into reproductively active (functional testes 
in males and embryos or placental scars in females) and non-reproductive- 


ly active individuals. 


Weather 

Data on temperature, precipitation, and snow accumulation were 
compiled from Environment Canada, Atmospheric Environment Service 
records for Inuvik and Tuktoyaktuk for the period September 1970 to 
September 1973. Conversions were made from English to metric units. 

During the winter of 1971-72 and 1972-73 snow surveys were 
carried out at three locations near taiga live-trap plot I and at two 
locations near the tundra live-trap plot. At each site snow depth was 
measured at 12 points and thickness and density of each layer of the 
snow cover was measured at one point using instruments and methods 
devised by the National Research Council of Canada (Klein et al. 1950). 
Depth of snow at the density-measuring point and thickness of each 
layer in the snow cover were adjusted to the mean snow depth for the 
Site. 

Thermal resistance is directly proportional to thickness of 
insulation and inversely proportional to thermal conductivity, and 
thermal conductivity of snow is directly proportional to the square of 
the density. Therefore, an index of thermal resistance of snow cover 


n 
; 2 
was calculated by the following equation: Tip ase (t;/d,) 
bok 
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where t, and d. are the thickness and density, respectively, of layer i 


of the snow cover. 


Statistics 

Statistical procedures used follow Sokal and Rohlf (1969). When 
Significant differences were found in variances the appropriate adjusted 
t-test or F-test was run. Because of this the actual test values are 
not presented, although the test used and the probability level is. For 
the purposes of uniformity Chi-square (x?) test results will be presented 


in the same manner. 
RESULTS 


Taiga Population 

Population levels 

The population level at snowmelt declined each year from 1971 to 
1973; while the peak summer level was highest in 1971, lowest in 1972, 
and high again in 1973 (Fig. 4, Appendix 1). Between 1 June and 15 
September the population increased 75% in 1971 and 80% in 1972 but 
increased 466% in 1973. The population showed a winter (September III - 
June I) decrease of 76% in 1971-72 and 55% in 1972-73. Between August 
III 1971 and June II 1972 there was a decline of 85% in the total 
number of C. rutilus on live-trap Plot I and 99% in marked animals. The 
estimated decrease for the same period from dead-trap data was 78%. 
There was a marked decline in population (27%) in September 1972 but not 


in September 1971. 


Age structure 


Comparison of the days to birth of each litter as determined by 
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Huggett and Widdas' and Tupikova's techniques (Table 2)* showed that 


the average difference between the two independent estimates was 0.61 + 
0.054 days. The greatest observed difference was 1.8 days. 

When birth dates were plotted (Fig. 5), it was apparent that young 
are produced in two relatively easily separable groups: those born in 
June and those born in July and August. The first group - ‘early co- 
hort' - consists of the first litter of overwintered females and the 
second group - ‘late cohort' - consists of the second litter of overwin- 
tered females and the first and second litters of young-of-the-year. 

During the study, eight litters were raised in captivity and, in 
all cases, young first emerged from the nest at 15 or 16 days of age. 
Measurements of young from three of these litters (Table 3) suggest that 
animals less than 25 days old are easily separable from older individuals. 
Morrison et al. (1954) have shown linear growth for the first 20 days of 
lifestor C.erutilue. 

Based on the assumption that juveniles cannot be trapped before 15 
days of age and the information on birth dates, the age of members of 
each cohort in each trapping period was determined (Table 5). Compari- 
son of cohort ages and distribution of M2 characteristics in young-of- 
the-year in summer trapping periods (Table 4) indicate ages for formation 
of M2 characteristics (Table 6). Different rates of development are 
indicated for the two cohorts and for reproductively active and non- 
reproductively active members of the early cohort. Ages for development 
of M2 characteristics of non-reproductive members of the early cohort 
are essentially the same as those presented by Tupikova et al. (1968) 


for C. rutilus and C. glareolus and show the same trend as those ages 


* ° . ° 
Data from tundra animals were included in this analysis 
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Table 5. Calculated ages of taiga young-of-the-year 
in the sampling periods. ; 


Age (days) 

Mid-point of 
trapping period Early cohort Late cohort 
1S7A 

July 14 27 - 40 

July 28 41 - 54 

Aug. 28 72 - 85 15 - 43 

Sept.25 100 - 113 phe bial 

Oct e2s 133 - 146 52 - 104 
eee 

June 25 LSe-o1'9 

July 18 15 - 42 

Aug. 10 33 - 65 15 - 31 

Sep can a So) =6/ IE Ley) 

Sept. 24 78 - 110 18 - 76 

Oct. 24 108 - 140 47 - 106 
1973 

June 21 IS 20 

July 11 15 - 40 

Aug. 4 39 - 64 152-555 

-@ ‘Aug 9722 Sew eZ Pot WS 
Sept.13 79 - 104 Secu 3 


Table 6. Approximate ages, in days, between which formation of 
indicated M2 characteristics occurs in taiga animals. 


Groove closed Neck formed Roots formed 
Early cohort - reproductive 40 - 50 £- 55 55 = 65 
Early cohort - non-reproductive 45 - 55 Cou. 75 22410 


Late Cohort 55, -2 770 75R> 105 105 - 120 
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presented by Viitala (1971) for C. rufocanus, a slower growing species. 

A slower rate of development has been suggested (Tupikova et al. 1968) 
and demonstrated (Viitala 1971, Lowe 1971) for late cohorts in Clethrion- 
omys. 

The separation of cohorts is clear during most sampling periods; 
however, in two periods (10 August 1972, 4 August 1973) early cohort non- 
reproductive tended to be overestimated and late cohort underestimated 
because the 25-55 day old animals were not separated by the M2 charac- 
teristics measured. M2 in these two samples was then re-examined to 
subjectively separate the cohorts based on degree of closure of the 
anterior groove. Animals with the anterior groove closing were retained 
in the early cohort; those with the anterior groove broadly open were 
shifted to the late cohort. Re-examination resulted in a reassignment 
of 24 animals from early cohort non-reproductive to late cohort in the 
1972 sample and six in 1973. The adjusted distribution was used in 
further analysis. The representation of each age class in the population 


May-October 1971-73 is presented in Figure 4 and Appendix 1. 


Sex ratio 

Sex ratios of all dead-trapped animals caught during index trapping 
were examined (Table 7) and only a few significant differences from a 
1:1 ratio were found. Although highly significant differences were 
found July II 1971 and June I 1972, live-trap samples taken at approxi- 
mately the same time failed to show any significant deviation from a 1:1 
ratio (Table 25). There were no significant differences between years 


in mean sex ratio of each age class. 


There was a general pattern in overwintered animals for an excess 


abo ixeg. an itapiyn sem gate "ios et asroiloo | 
anon ttodoo yiise (Eve! Fadgan t laeét seuguA on) pe ae , tevewon 


besemitestshoy Jtodo> etal ba ‘bersmtsteorav0 ad ot 
-38184o SM sdi yd botaxege2 ae eiow elemins bilo al aa8s oft seusoed 
ot boninexs-ox aed 26w eohqaise owt seed? ni SM sboreson eniteizes 

sil? Yo stu2colo to setpebh fo bezed estonoo eft atoraape dovirootdue 
benis3er otew ateots SsvooTs. roitetan eft dtiw etemina paveats toitesns 
stew meqo Ylksord svoots, FoRTetim ot dtiw o2odt Szofoo ines ons ai 
tromtyfeeset 6 ni betiveor ig roan an , ators wast adt ot bestide 
ent mi dteHoo of8F 03) ee dic Wied tom ttodeo yitas mere eismims 4$ to 
nt boew eaw moi tydiateth aauiie oat .EVCl ni xh bas a sa ster 
notteluqog edt mi eento Oye. doze 20 noksesne ergot, ot aveytaas sodsut 
1 xibasqgA bay + otgg hint betneeetq et E\-I0Ol tsdot00-_aM 


ir a ‘a Vere 


PT Ea ie oitex ee. 
guigqats xsbat gain sigued ebanidan ‘Boggsxt+insb (19 to voftea xe" 

8 moxt apomere%ith ‘Iino Fiingie wet & yino bug (V eldeT) benkmeke, enew 

STOW eeomtetstTid insoFtingie “ing in dguod3tA bao? exw oi Sen ist 


“tsar, 4m mls gene qert-ovil .ST@E 1 endl has £0e1 21 yak baud 
Hil wi ceheghips sents os wore ot bolts? omit ompe ad ere 
ethay neswied eoonsreTIid Ineritingie on otW stent . (2S side) citer 


ce mae 


~ & 
: 

7 

; 

h 

be 
an 
- a 
e-< 
is 


-2ealo sgs dose 20 olset xee npemt at 


o mi aestug Levonog ¢ enw ated? 


Table 7. 


Sari neues elas 1S 7RGNC whkc 1cked0 oa Ga Caan 
period 
Overwintered 
Apr I .500 (1:25 
il - 500 ( 4) 
May I 500 (3) 667 & 3) 
LE TOMS (11) .444 ( 9) .643 (28) 
June I 615 (39) .6922*, 165) payer (36) 
III 586 (29) 545 (22) 
Julyesdil 7 1 3e2 (27) 514 (35) 750 (12) 
igi .500 (a2) 
Aug a - 461 (13) -428 (14) 
Be S417 (12) WOOD ( 9) 333 C233 
SED Ei nd . 000 ( 5) 
III “L00* (10) “a55 ( 9) 
Oct iMiti .000 ( 1) 
Total .588 (102) 563 (181) 3200 (135) 
Early cohort 
June III 1.000 A2} 
July II 417 (36) 592 (49) 417 (12) 
III 417 (12) 
Aug I 561 (41) . 367 (30) 
CEE 643 (28) 450 (20) .500 (16) 
Sept II 375 (16) 
Ly 571 C21) .500 (10) 
Oct Fit wLOy ( 6) . 300 (10) 
Total 495 (103) Ale | (130) 421 (76) 
Late cohort 
July p11, 1.000 ( 1) 
Aug I Png Nel (29) S74 Ges. 
Dit .540 (124) -494 (79) O15 (33) 
Sept II -598* (142) 
Ey 551 (107) 580 (69) 
Oct III ~425 (40) .500 (32) 
Total .529 (272) Psi) (209) -598* . (182) 
x O,05e5ep >-0.01 
a SIGSTOP > py 0 JOO 


Sex ratios (proportion of males) based on taiga 
index trapping catches (sample size in parentheses) and 
compared to a 1:1 ratio by goodness of fit X?. 
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of males in early summer and for a deficiency in late summer. May III - 
June I sex ratios were significantly different from August III - Septem- 
ber III sex ratios in each year (x? test; #1971 and 1973," 08001 =p 

OF Ol 1972, 0°05 >ep >" 0,01). This’shift an sex ratio may have been due 
to decreased trappability of females when pregnant and nursing, increased 
summer mortality among males related to their greater mobility (males 
have larger home ranges than females), or a combination of the two. The 
combination of factors is the most likely explanation since late-cohort 
animals October III 1971 and 1972 and overwintered animals April II and 
May I 1972 and April I 1973 showed no excess of males indicating that 


the overwintering populations had very close to a 1:1 ratio. 


Reproduction 

In all three years the first conception took place during the third 
week of May and the breeding seasons (first to last conception) were 
89, 94, and 119 days for 1971, 1972, and 1973 respectively. The apparent- 
ly longer breeding season in 1973 was because one female was found 
pregnant in mid-September; if this animal were excluded the season would 
have been 93 days. Examination of birth dates of litters (Fig. 5) indi- 
cates that in 1972 the mean birth date of the first litter of overwinter- 
ed females was delayed about 11 days, and the second litter about 5 days, 
relative to the other two years. 

In all three years, 100% of overwintered females produced a first 
litter and an average of 84% of survivors to July II - October III pro- 
duced a second litter (Table 8) with no significant differences between 
years. An average of 45% of early-cohort females produced a first litter 


in 1971 and 1972 but 77%, significantly more, did in 1973 (Table 9). An 
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Table 8. 


Proportion of taiga breeding females captured 


July I1-October III* that produced a second litter, 


based on placental scar counts, 


Significance of 


differences between years by X“ test is indicated. 


Year Overwintered Early cohort 
% sample % sample 
size Size 
1971 Soa (28) ee (14) 
1972 85.2 (27) 647 (15) 
197 Siete lO (21) 2255) (33) 
GZ a 2573) 009: Sepa 0659055) > prea 


* The July II 1972 sample was not considered: 
due to the delayed breeding season. 
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Table 9. Proportion of taiga early-cohort females with 
embryos and/or placental scars. Significance of 
difference between July I1-October III means by X 
test is indicated. 


Sampling 1971 1972 1973 
period % sample % sample % sample 
Size size Size 
I 0.0 ( 4) 
July II 46.2 (26) 0.0 (20) 28.6 (a7) 
Til” 23.0 Cer} 
I 57255- frsyessigg, noles(19) 
Aug II 


Tit 4652 F135 723pRe- Att teg7zig Lengts) 
I 

Sept II BS) 7 fe 14) 
Trl 73604" {11 yore Sosotves( 1G) 


I 


Oct LT 
III 80.0 eae) 28.6 de 
Mean aS s2 (62) 45.6 (46) e704 (48) 
(J1=72) 4p 7 0e9 
(71-73) p < 0.001 
(72-73) pos, 0.01 


* The July II 1972 sample was not considered due to the 
delayed breeding season. 


29 


$68 


* a,ye Rey 


30 


average of 16% of early-cohort breeders surviving to July II - October 
III had a second litter (Table 8) with no significant differences between 
years. Pregnancy in late-cohort females was rare: 0.9% (1) of the 
females in 1973. There was no indisputable evidence of a third litter 
being produced by any female. Although some variation occurred in 
litter sizes (Table 10), there was no significant difference in litter 
size between litters, years, or age class of females (F test, 0.10 > p 
> -0)..05)f. 

Overwintered males became functional during late April in 1972 and 
1973 (Fig. 6) and remained that way through the end of September in 1972 
but ceased earlier in the other two years. Regressing males were first 
found August [III in all three years. June-August testis length for 
Overwintered males was significantly less in 1973 than in the other two 
years (Fig. 6); no differences were observed in non-breeding males. All 
males examined October 1971 - March 1972 had a testis length of 3 mm. An 
average of 2.8% of early-cohort males became functional in 1971 and 1972 


bug 57.56, Signiticantly more, did in 1973 (Table 11): 


Wounding 

The frequency of wounding in animals tended to be highest during 
July and August (Appendix 2). The mean frequencies of males and females 
wounded (Tables 12 and 13) were compared by age class in each year. 
Significantly more overwintered males than overwintered females had 
wounds in 1971 and 1973 (x? test, p < 0.001 and 0.05 > p > 0.01 respec- 
tively) and significantly more late-cohort males than late-cohort 
females were wounded in 1971 (x? test, p <- 0.001), but these were the 


only significant differences between sexes. Comparisons were also made 
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Table 11. Proportion of taiga early-cohort males functional. 
Significance of differences between July II-August III 
means by X* test are indicated. 


1971 19 1 
Sampling % Sample % Sample % Sample 
period s1ze size size 
‘June III 0.0 @ 1) 50.0 @ 2) 
if 
July Li 1055 (19) 0.0 (29) 0.0 (5) 
Iii 0.0 (760) 
E 0.0 (24) 36.4 (11) 
Aug II 
III 0.0 (19) Adee ( 9) 62.5 ( 8) 
I 
Sept II RY ies, ( 8) 
HOO 0.0 (12) 0.0 ( 5) 
I 
Cctya lt 
III 0.0 Gel) 0.0 G53) 
Mean 4.5 (44) 1.0 (62) 37.5 (24) 
(71-72)1,0.5 > tp 0.1 
(71=75)9 eps 07001 
(72=75)") ep <0,.001 


en 
Pies 


or 


Table 12. Mean June-September proportion of taiga animals with 
wounds. Significance of differences between years by X2 test 
are indicated. 


Year Overwintered Early cohort Late cohort 


% sample % sample % sample 
size size size 
Males 
1971 ied (38) 19.6 (56) 12522 VC155) 
1972 9.0 CLIP) 4.4 (68) 0.9 (109) 
1973 14.0 (50) 147 (34) Zea) oo) 
(71-72) Ns *% eK 
(71-73) A Nes. ue 
(72-73) n.s. nS. n.s. 
Females 
1971 214 (28) 23.0 (61) 0.8) PCL17) 
1972 2.4 (84) 6.8 (59) 0.0 (85) 
1973 oie (46) 8.3 (48) 0; 07 3(107) 
(71-72) Les f n.S. 
(71-73) ae : ness 
(72-73) Sa n.s. NES. 


a 


n.s. (not significant) p > 0.05 
i OF05">Fp*>*0 +0! 

HE Q20Le-7p> 207001 

igi p < 0.001 
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Table 13. Mean June-September proportion of early-cohort taiga 
animals with wounds. Significance of differences related to 
breeding status and years by X2 test are indicated. 


Year breeding non-breeding (breeding - 
% sample % sample non-breeding) 
size size 
Males 
1971 100.0 ( 2) 1657 (54) ‘dl 
1972 0.0 @. 5) ANS (67) nos. 
1973 255K (13) oS (21) n.s. 
(71-72) N.S. i 
(71-73) 8 Nase 
(72-73) NaS. a eSie 
Females 
1971 37.5 (24) 1325 (37) 
1972 15.8 (19) 2n5 (40) NaS. 
1973 8.1 (37) OFF] (11) n.s. 
(71-72) n.s. Nese 
(71-75) <3 NS 
(72-73) n.s. n.s. 


eS 


n.s. (not significant) = p > 0.05 
i 0.05 > p > 0.01 
=< 0.01 > p > 0.001 
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within each age-sex class between years (Table 12) and, in general, 
there was significantly more wounding in 1971 than in the other two 
years. When early-cohort animals were considered in relation to breed- 
ing status (Table 13) the trend Whe still present but not as definite. 
Also, 1971 was the only year in which significantly more early-cohort 


breeders than non-breeders were wounded. 


Organ weights 

Fresh, fixed, and dry adrenal, kidney, and BAT weights of 11 animals 
trapped April I 1973, and fresh and dry kidney weights of 44 animals 
trapped August III 1971 were compared. There were no significant differ- 
ences between mean fresh and fixed weight of any organ (t-test, 0.9 > p 
> 0.5, for all organs). Dry weights of organs were significantly 
correlated with their fresh weights (correlation coefficients: adrenal 
= 0264 ,./0.05 > p> 0.01; kidney = 0:96, p< 0.001; BAT = 0.91, pe< 0.001). 
Mean dry weight as a percentage of mean fresh weight was 50.9% for 
adrenals, 27.9% for kidneys, and 54.8% for BAT. 

Data on organ weights were analysed separately and only differences 
between years and summarized data are presented. Organ weights of ani- 
mals judged to be less than 25 days old (Table 3) were eliminated from 
analysis since this is the period of most rapid growth. 

(i) adrenal 

In overwintered animals the only marked differences between 
years occurred May III 1971 when both males and females had 
significantly heavier adrenals than in the other two years 

(F test, p < 0.001) (Appendix 3); by June I this difference 


was no longer significant. There were no marked differences 
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in adrenal weight between years in early-cohort animals but 
adrenals of late-cohort animals tended to be heaviest in 1973 
and lightest in 1971. There were no significant changes in 
adrenal weight during the winter of 1971-72 (Appendix 6). 

(ii) kidney 
Kidney weights were relatively similar between years in early 
summer and late summer. However, early summer weights tended 
to be highest in 1971 and lowest in 1973 while late summer 
weights tended to be higher in 1972 than in the other two 
years. The most marked difference between years occurred in 
mid-summer when values were highest in 1972 and lowest in 1971. 
There was a marked drop in kidney weight September III to 
October III in 1971 but not in 1972. Essentially no change in 
kidney weight occurred October III 1971 to April II 1972 
(Appendix 6) but weights were notably higher in October III 
1972 and April I 1973 than in the preceding winter. 

(iii) BAT 
Interscapular BAT weights tended to be highest in early and 
late summer 1971 and lowest in late summer 1973 (Appendix 5). 
There were no marked differences in BAT weights between 1971 
and 1972 in September III or October III or between 1972 and 


1973 in April and May. 


Growth 


Growth was measured by three parameters: body length (total length 
minus tail length), condylobasal length, and corrected body weight 


(total body weight minus stomach weight and, in females, reproductive 
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tract weight). Animals judged to be less than 25 days old (Table 3) 
were eliminated from analysis since this is the period of most rapid 
growth. Mean body measurements (Appendices 7, 8, and 9) and the signi- 
ficance of differences between males and females (Appendix 10) are 
presented. 

Growth in overwintered animals in 1971 was significantly less than 
in the other two years in body length and markedly (but not significantly) 
less in condylobasal length (Figs. 7 and 8). Growth in body length in 
young-of-the-year was also significantly less in 1971. There were no 
marked differences between years in body weight (Fig. 9). 

No significant changes in the growth parameters were observed 
November 1971 - April 1972 (Fig. 10). A significant drop in corrected 
body weight was observed in 1971 and 1972 during October (Fig. 9). New 
growth in body length did not begin until late May but growth in the 


other two parameters appeared to begin as early as April (Figs. 7-10). 


Disappearance rates 

The summer disappearance rate of overwintered animals was calculated 
by comparing early summer (May III - June I) and late summer (Aug. III - 
Sept. III) dead-trap indices (Fig. 4, Appendix 1). An average of 86% of 
the overwintered animals disappeared over 3-4 months during the summer 
(1971, 87.2%; 1972, 83.0%; 1973, 86.2%) with no significant differences 
between years (x? testzap 7 U9). 

A measure of disappearance in early and late cohorts was established 
by calculating the maximum number of young which could have been produced 
and comparing this value with the number observed at the date when it 


would be expected from reproductive data that no new individuals could be 
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Symbols are the same as in Fig. 7. 


Condylobasal length of taiga animals 1971-1973. 


Figure 8. 
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Corrected body weight of taiga animals 1971-1973. 


Figure 9. 
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Figure 10. Body length, condylobasal length, and corrected body weight 
of taiga animals, sexes and age classes combined, during the winter of 
1971-72. Mean + SE + 95% CL, range, and sample size are shown, except 
where the sample is less than 5. 
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added to the population. It was considered that the first litter of 
overwintered females was born from 1 June to 30 June and the second 
litter from 5 July to 5 September in 1971 and 1973 and from 10 June to 

10 July and from 10 July to 10 September, respectively, in 1972. For 
litters born to early-cohort females, birth dates were assumed to be from 
15 July to 5 September for the first litter and from 10 August to 5 
September for the second. It was considered that young would not leave 
the nest until at least 15 days of age. A 1:1 sex ratio was assumed for 
all age classes and months. 

The maximum number of young produced in each cohort was calculated 
by the following equation which assumes that half the pregnant females 
dying during the period when the litter is being born die before they 
giveibirths, Yue (I, Bel) a(1, - I.) Beli 


Where: Y = index of young produced 


Ij= index of females at time first young are born 
I= index of females at time last young are born 
B = proportion of females breeding 


L = number of viable embryos per breeding female 

Only the contributions of overwintered and early-cohort females 
were calculated because that of late-cohort females was considered to be 
inconsequential. All of the early cohort were assumed to have entered 
the trappable population by 15-20 July and all of the late cohort by 
20-25 September. There were no significant differences in disappearance 
between years for the early cohort or between 1971 and 1972sfor theslate 
cohort (Table 14). However, in 1973 more late-cohort animals were found 
in mid-September than was predicted. This suggests either that one or 


more of the parameters of the prediction equation were underestimated or 
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Table 14. A measure of disappearance in early and late cohorts based on 
the potential index and the observed index at a time when all of the 
cohort would be expected to have entered the tyappable population. 
Significance of differences between years by X* test are indicated. 


a ee 


EARLY COHORT 


Year Potential Index 15-20 July Index Disappearance 
O71 13.14 3.64 72% 
1972 5.06 1-65 68% 
1973 5./05 0.61 80% 


(71,7273) p = 029 


LATE COHORT 


Year Pit cer, Potential Index 20-25 Sept Index Disappearance 
1971 overwintered 2nd 5.63 

early cohort lst S.0 

early cohort 2nd 0.43 

total 9.16 eg he 35% 
1972 overwintered 2nd 2.34 

early cohort lst 7, 

early cohort 2nd 0.21] 

total Sede . 2.38 36% 
1973 overwintered 2nd 1.04 

early cohort lst Te ehs 

early cohort 2nd 0.45 

total 3.34 5.92+ 


(71,72) p > 0.9 
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that the September population was overestimated. I was unable to 
determine which parameter (or parameters) was most likely incorrect. 

At the onset of winter each year the population was composed of 
three age groups of animals: overwintered, less than 10%; early-cohort, 
about 10-15%; late-cohort, over 75%. Given a general winter decline in 
population level of 55-76% and equal loss between groups, a small number 
of overwintered and early-cohort animals could be present in the early 
summer trapping. In 1972 no overwintered animals were caught October III 
and in 1971 only one female was taken October III and none after that 
date. Overwintered animals trapped in September generally had very 
little crown left on their teeth and a few had only roots left. No 
animals with this degree of crown wear were taken in May or June of any 
year. These facts suggest that no animals successfully overwintered 
twice and that they may have disappeared early in their second winter. 

I felt I could separate the two cohorts during the winter of 1971- 
72 on the basis of M2 root length (Fig. 11). The early cohort had 
longer roots because they formed earlier but both groups appeared to 
exhibit a similar growth rate. The distribution of M2 root lengths of 
overwintered animals June I of each year was plotted (Fig. 12). The 
general shape of the distributions was similar each year but the mean 
and range shifted. It is unclear from these distributions whether the 
shift was due to general differences in M2 root growth rates or to differ- 
ences in the proportion of early-cohort animals in June I populations. 

A sample from Travaillant Lake*, approximately 105 km southeast of Inuvik, 


was used as a clue to the cause of the shift. The distribution of M2 


“The sample was trapped late May-early June 1973 by N.W.T. Game Manage- 
ment Division personnel. . 
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Figure 12. Distribution of M2 root lengths in early June samples at 
Inuvik, 1971-1973, and at Travaillant Lake in 1973. 
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root lengths of Travaillant Lake animals was clearly disjunct, and the 
mean and range of the larger portion of the sample was within the limits 
found at Inuvik. 

I suggest, based on the 1971-72 winter M2 root growth (Fig. 11), 
that the two animals from Travaillant Lake, a male and a female, with 
2.3 mm roots (significantly larger than the main group, t-test, p < 
0.001), are the only early-cohort animals in this early summer sample. 

I also suggest that no early-cohort animals were present in the Inuvik 
samples and that the shift between years in the distribution of M2 root 
lengths was due to general differences in M2 root growth rates. Early- 
cohort animals, therefore, either disappear during their first winter or 
form an inconsequential part of the population during their second 
summer. Based on this, early-cohort animals seldom reach 12 months of 
age but late-cohort animals reach 13-15 months of age. 

Assuming that only late-cohort animals overwintered successfully, 

a measure of their winter disappearance rate can be calculated from the 
population indices (Appendix 1). The winter (September III - June I) 


disappearance rate was 69% in 1971-72 and 42% in 1972-73. 
Tundra Population 


Population levels 

An estimate of the variability of the population indices was calcu- 
lated assuming that each of the 2-8 paired traplines run at each tundra 
site was an independent estimate of the population (Fig. 13). Popula- 
tion level July I was similar between years but may have been higher at 
snow-melt in 1971 than in 1972 or 1973. The summer increase was similar 


in 1971 and 1972 but was somewhat less in 1973. Winter declines can only 
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be estimated but may have been 90-95%, 

Because tundra areas were trapped in paired lines and taiga areas in 
grids, a greater number of home ranges were crossed on the tundra per 
unit effort and the edge effect was greater than in the taiga. There- 
fore, tundra indices are relatively higher than taiga indices for a given 
population density. At the beginning of summer, tundra population 
density was only a fraction of that in the taiga, even in the year of 
lowest taiga overwintered density, 1973. Peak density on the tundra in 
1971 and 1972 may have been as high as or higher than that in the taiga 
in 1972 but was well below the levels reached in the taiga in 1971 and 


O73: 


Age structure 

The distribution of birth dates of tundra litters (Fig. 15) is 
Similar to that for taiga litters but is biased since the earliest 
tundra trapping was mid-June (after break-up of the Mackenzie River) and 
few animals were caught. Tundra litters were divided into two cohorts 
in the same manner as taiga litters. The representation of each age 
class in the population June-October 1971-73 is presented in Figure 14 


and Appendix 1l. 


Sex ratio 

Sex ratios of all dead-trapped animals caught during index trapping 
were examined (Table 15) and only a few significant differences from a 
1:1 ratio were found. Mean sex ratio (proportion of males) of late- 
cohort animals was significantly smaller in 1973 than in 1972 he Tes, 
0.01 > p > 0.001); this was the only significant difference found 


between years in mean sex ratios of each age class. 
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Table 15. Sex ratios (proportion of males) based on tundra 
index-trapping catches (sample size in parentheses) and 
compared to a 1:1 ratio by goodness of fit X*. 


a oe ee ee 


1971 1972 1973 
Sampling 
period 
Overwintered 
June II .500 ( 4) oo ( 6) 
III .000 (a2) 
July I 275 (22) .417 (12) 
ivi .500 C2 2000 ( 9) . 000 (1) 
Aug II 1.000 (q1) 1833 ( 6) 1.000 (a8 
Sept I .500 ( 4) 
II 1 67e (12) 
Oct II «300 ( 3) 
Total 444 ( 9) o2e" (58) 444 (18) 
Early cohort 
July I .500 ( 8) 652 (23) 
Prd .400 (25) 533 (60) .600 (10) 
Aug II 714 (27) 477 (65) £556 ( 9) 
Sept I .533 (15) 
II . 490 (51) 
Octal 2150 (16) 
Total <DOS (12) na20 (200) . 596 (57) 
Late cohort 
July III . 200 (%5)) .000 (Gel) 
Aug II 1.000 (22) 568 (51) soo (15) 
Sept I .273** (44) 
II 524 (143) 
Oct.) «ki 1517 (61) 
Total 1.000 eZ) 535 (260) 2065 % (60) 
Osh sei. Up) 
wen) 20 > > 0.001 
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Mean sex ratio of each age class in each year was compared between 
tundra and taiga samples and three significant differences were found. 
Mean sex ratio of overwintered animals in 1972 and late-cohort animals 
in 1973 was significantly less on the tundra than in the taiga (x? test, 
0.01 > p > 0.001) and mean sex ratio of early-cohort animals in 1973 
was significantly greater on the tundra than in the taiga (x? test..7 0.05 


apes Ua01) 


Reproduction 

Comparison of timing of litters between years was difficult due to 
small sample sizes (Fig. 15); however, there appeared to be no pronounced 
differences. In all three years 100% of overwintered females produced 
a first litter and an average of 92% of survivors to July II - October 
III produced a second litter in 1972 and 1973, with no significant 
difference between years (Table 16). An average of 58% of early-cohort 
females produced a first litter, with no significant differences between 
years (Table 17). In 1972 and 1973 an average of 35% of early-cohort 
females had a second litter, with no significant difference between years 
(Table 16). Pregnancy in late-cohort females was rare: 1.7% (2) of the 
females in 1972 and 1.3% (1) in 1973. There were no significant differ- 
ences in litter size (Table 18) between litters, years, or age class of 
females (F test, 0.25 > p > 0.1). 

Overwintered males had functional testes June II - August II each 
year (Fig. 16). No regression was found September I 1973 but it had 
begun September II 1972. Males were still functional September II but 
not October II 1972. It was not possible to compare times of initial 


regression and loss of functional status between years. 
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Table 16. Proportion of tundra breeding females captured 
July II-October III that produced a second litter, 
based on placental scar counts. Significance of differ- 
ences between years by X2 test is indicated. 


Year Overwintered Early cohort 


% sample % sample 

size size 

1972 94.7 (19) 52 Ae BT) 
1973 $3.5) (eG) Alec * ‘hel 23 


K2Btest 90.5i>'p =4098 079° >i) >—0.S 


Table 17. Proportion of tundra early-cohort females with 
embryos and/or placental scars. Significance of differ- 
ence between July II-October III means by X* test is 
indicated. 


Sampling 1971 1972 1973 
period 
Ie. 0.0 (4) 0.0) ( 8) 
July II 
III 100.0° (#3) 60.7 (28) 50.0] ( 4) 
I 
Aug II £000 (2) 70.6 (34) 50.07 .(10) 
1 
I 50.0 (14) 
Sept II 34.6 (26) 
GEL 
I 
Oct Id 100.0 ( 4) 
Tj. 
Mean 100.0. (85) BS «a (92) 50.04 (28) 
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Breeding early-cohort males first became functional July II - III 
each year. They appeared to Tegress earlier in 1973 (August II) than 
in the other two years (probably late August or early September). An 
average of 28% of early-cohort males became functional in 1972 and 1973 
but 100%, significantly more, did in 1971 (Table 19). 

Participation in reproduction of early-cohort animals was compared 
between tundra and taiga for each year (Table 20). Significantly more 
early-cohort males became functional on the tundra in 1971 and 1972 
than in the taiga but there was no significant difference in 1973. 
Significantly more early-cohort females produced a litter on the tundra , 
in 1971 than in the taiga, significantly less did in 1973, and there 
was no significant difference in 1972. The proportion of overwintered 
and early-cohort females producing a second litter on the tundra was not 
Significantly different from that found in the taiga (x? test, 0:9 > p > 
0.5 and 0.1 > p > 0.05 respectively). Litter sizes were compared by 
litter and year between tundra and taiga. The first litter of over- 
wintered animals was significantly larger on the tundra than in the 
taiga each year (t-test, 0.05 > p > 0.01) but this was the only signifi- 


cant difference between the two areas. 


Wounding 

The frequencies of wounding on males and females in 1972 and 1973 
(Appendix 12) were compared by age class in each year but no significant 
differences were found between sexes. No significant differences were 
found in the mean proportion wounded between 1972 and 1973 (Table 21). 

The mean proportion with wounds was compared between tundra and 


taiga (Table 22). On the tundra, significantly more late-cohort males 
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Table 19. Proportion of tundra early-cohort males functional. 
Sign} ficance of differences between July II-August III means 


by X“ test are indicated. 
1971 LO yz. 1973 

Sampling % sample % sample % sample 
period size size size 
June III 

I 0.0 (72) 0.0 ( 8) 
July II 

III LOO-OMeeC I) 40.6 (32) 83.3 ( 6) 

I 
Aug II TO0.0 = oi(-6) 6.4 (51) fig (13) 

ae 

I 14.3 (14) 
Sept II 0.0 (25) 

BUT 

I 
Octaalt 0.0 (12) 

III 
Mean 100:-019 Fic 8) 2348 (63) SF. 6 (19) 

x* test (71-72) p < 0.001 
(71-73) 0.1 > p > 0.001 
(72-75 00.5 = pe. 07) 
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Table 


20. Statistical differences (by x? test) 


between the mean proportion of tundra and 
taiga early-cohort animals breeding 1971-73. 


Taiga 


Taiga 


MALES 
Tundra 
1971 1972 1973 
1971 + + + 
k*K* ** K* 
1972 + + + 
KK REK kK 
1973 n.s. n.s. n.s. 
FEMALES 
Tundra 
1971 1972 1973 
1971 + Nese n.s. 
* 
1972 + Ness nes. 
* 
1973 n.s. - - 
* * 


(not significant) p > 0.05 

0. 05ae +p. 210.01 

0201s, pas 02001 

p < 0.001 

proportion breeding greater on tundra than in taiga 
proportion breeding less on tundra than in taiga 
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Table 21. Mean June-September proportion of tundra animals with 
wounds. Significance of differences between years by x? test 
are indicated. 


Overwintered Early cohort Late cohort 
Sex §& % sample % sample % sample 
Year size size size 
Males 
1972 qT. 1 (18) 9.8 (92) io 6 -(105) 
1975 Zoo ( 8) 17.4 (46) SAIS) (57) 
asic Nese n.S. 
Females 
1972 Ziel, Go) VSe2 (92) a, (94) 
1973 0.0 (13) Lon (36) 4.9 (77) 
Tesi nyse Tess 


n.s. (not significant) p > 0.05 


Table 22. Statistical differences (by x? test) between the 
mean June-September proportion of tundra and taiga animals 
with wounds. 


cease meme ALES tert et. ei srg CERMALES Ee 


tundra tundra 
1972 1973 1972 1973 
OVERWINTERED 
1971 - - - n.s 
KK* *K* 
Calce | 1972) eS. N.S. n.«S. Nas 
1973 Nass n.s n.s n.s 


EARLY COHORT 


1971 nese Nass Ns n.s. 

taiga 1972. n.s. + 1. So) Depa Ss 
* 

1973 nis. n.s. Ns S. n.s. 


LATE COHORT 


1971 Dash NS. + 

kK * 

taiga .. 1972 + n.s. + ts 
* ** * 
1973 + n.s + + 
* *** ** 


nS. (not significant) p > 0.05 

: 0. 05 tap >ucO aOd 

fat O.0le> p> 0.001 

RES pp SOOO) 

- proportion with wounds greater on tundra than in taiga 
= proportion with wounds less on tundra than in taiga 
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in 1972 and late-cohort females in 1972 and 1973 were wounded than were 


in the taiga. These were the only significant differences between areas 


when compared within years. 


Organ weights 


(i) 


(ii) 


adrenal 

There were no marked differences between years in adrenal 
weights in any age-sex class (Appendix 13). Neither were there 
any marked differences in adrenal weights between tundra and 
taiga. 

kidney 

June - August kidney weights tended to be higher in 1972 than 
in 1971 or 1973; the latter two years were similar to each 
other (Appendix 14). Kidney weights on the tundra were simi- 
lar to those in the taiga in early and late summer of each 
year; whereas mid-summer weights tended to be higher on the 


tundra than in the taiga, particularly in 1971 and 1972. 


(iii) BAT 


Interscapular BAT weights were similar between years in June 
and early July but later in the summer the values tended to 
be highest in 1971 and lowest in 1973 (Appendix 15). There 


were no marked differences in BAT weights between tundra and 


taiga. 


Growth 


Animals judged to be less than 25 days of age were eliminated from 


analysis. 


Mean body measurements (Appendices 16, 17, and 18) and the 


significance of differences between males and females (Appendix 19) are 
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presented in Appendices. 

Body length (Fig. 17) tended to be greater in 1973 than in the other 
two years but no consistent differences were apparent in condylobasal 
length (Fig. 18) or body weight (Fig. 19). There were no consistent 


differences in body measurements between tundra and taiga. 
Comparison of Live-trapped and Dead-trapped Samples 


Density of C. ruttlus on taiga and tundra live-trap plots (Table 23) 
is significantly correlated with the dead-trap index for similar time 
periods (correlation coefficient = 0.90, p < 0.001) and is related by 
the regression y = 1.99x-1.14. All live-trap densities were below 9/ha 
except that for 26-31 August 1971 which was almost 19/ha (Table 23). 
This high value excluded, live-trap density is significantly correlated 
with the dead-trap index (correlation coefficient = 0.92, p < 0.001) and 
is related by the regression y = 1.33x+0.04. 

Age composition and sex ratios were compared between live-trapped 
and dead-trapped samples taken at similar times. No significant differ- 
ences were found in age composition (Table 24), but live traps caught 
significantly more young males than dead traps July III and August III 
1971 (Table 25). These were also the only two samples in which the 
live-trap sex ratios differed significantly from 1:1 (x? teste pa. 
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Weather 
Introduction 
For Inuvik and Tuktoyaktuk mean maximum and minimum temperatures by 


10-day periods September 1970 to September 1973 and total precipitation 
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Condylobasal lengths of tundra animals 1971-1973. 


Figure 18. 
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Corrected body weights of tundra animals 1971-1973. 


Figure 19. 
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Table 23. Density of C. ruttlus (Number/ha) on taiga and tundra 
live-trap plots, 1971-1973. 


Trapping Period Spruce-Birch Forest Spruce Forest Shrub Tundra 


1971 
May 28-June 18 4.00 
June 25-30 0.32 
July 5-17 8.80 
July 17-29 8.64 
Aug 10-15 Zn ed 
Aug 26-31 18.88 


1972 
June 12-27 24.72 
Julyol2<21 1.92 


1973 
June 10-18 en/ 6 
July 11-16 a7 
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Table 24. Age composition of live-trap and dead-trap samples. (sample 
size in parentheses.) Proportions are compared by X2 test.’ 


a Ee 


Sampling Method Sample Percent Composition Significance 
period size Overwintered Young of the 
Year 
TAIGA 
197] 
July II Live (55) 40.0 60.0 n.s. 
Dead (63) 42.9 We | 
July III Live (54) 2202 ILS n.s 
Dead (15) 13.5 86.7 
Aug III Live (118) 8.5 O15 n.s 
Dead (164) WP 9257 
1972 
July II Live (12) 53.5 66.7 OAS. 
Dead (84) 41.7 58.3 
1973 
July II Live (11) 36.4 63.6 Nl. Six 
Dead (24) 50.0 50.0 
TUNDRA 
1971 
Aug II Live (14) Ton ozo Resa 
Dead (10) 10.0 90.0 


MeS-sae(not sieniticant) =p > 0.05 


aes Pama 
Lena _ - 


Table 25. Sex ratios (proportion of males) observed in live- 
trap and dead-trap samples (sample size in parentheses). 
Ratios are compared by X*¢ test. 


SS LE A at tet 


Samp ling Method Overwintered Young of the Year 
period 
TAIGA 
1971 
June I Live (25}°S2560 
Dead (39) 73615 
July II Live C22 Nw od (53) 485 
Dead 5 ie Lado hs) (36) .417 
July III Live CZ) etary (42) 4835779, 
Dead (2s 500 (13) 462 
Aug III five ul0) ae 700 (Losi Saga ee 
Dead Cl2)a, 3417 (152) .559 
1972 
June II Live C1 7994 tS 29 
Dead (65). 3692 
July scr Live (4). 77750 G7) SOL 
Dead (55) ses 514 (49) , 592 
1973 
June II Live (10) .500 C1) 1.000 
Dead (36) .583 
July II Live ( 4) .500 ( 7) »428 
Dead (12). 700 (12) 417 
TUNDRA 
1971 
June III Live ( 2). .500 
Dead C 237 S000 
Aug II Live @-r)> 000 (13) . 769 
Dead (ri) 22.000 ( 9) ne hie:) 


a 


** 0.01 > p > 0.001 


Ta 


by 10-day periods May-September 1971-73 are presented in Appendices 20, 
21, and 22. Comparison of depth of snow cover at Inuvik and Tuktoyaktuk 
can be obtained from snow-on-ground-at-end-of-month values (Appendix 23). 
This measurement is taken at only one point and is probably more unre- 
liable at Tuktoyaktuk than at Inuvik because Longley (1960) observed 
that, for tundra areas, the depth of snow at any spot, after the initial 
increase in early winter, is a function of the ground surface contours 
in the vicinity and the direction of the last strong eroding wind. For 
Inuvik more accurate values are available from the snow cover survey 
(Appendix 24). The mean difference between the two surveys, compared 

on a monthly basis for the winters of 1970-71 to 1972-73, is 10.1 + 1.6 


cm with no significant differences either plus or minus. 


Fall 

Weather in September fell into three classes: (i) warm and dry 
(tundra 1971 and 1973, taiga 1973), (ii) cool and moist (tundra 1970 
and 1972, taiga 1971), and (iii) cold and wet (taiga 1970 and 1972) 
(Fig. 20A). Fall critical period (FCP) is the period between the time 
when air temperature falls below that of the substrate and the time when 
a sufficient snow cover (15-20 cm) has formed to stabilize subnivean 
temperature (Pruitt 1957). An estimate of the severity of this period 
was made by comparing mean minimum temperature October II-III with depth 
of snow on the ground at the end of October (Fig. 20B). In order of in- 
creasing severity FCP's were (i) taiga 1971; (ii) tundra 1971 and 1972, 
and taiga 1972; (iii) taiga 1970; (iv) tundra 1970. 

Fuller (1967) postulated that to be most favorable to small mammals 


fall should be dry with quick frosts and early stabilization of snow 


-ereny toa ldadere et bas ‘sae and 
bevrsedo (092K)! xelaned peusbed Ans ak (6 reeds scien a ea 
leisini sds tetie ,soge re $8. wore to faqeb ait geo aches a: 
eros tars 828 teve bauorg ont to) eats a 2i Sac yixae nt sasetant ca 
104 bate gathota gnoite teal’ orlt $5 noitsaxkb aif Bite, xdinto iv sak Ba; 
(evine teveo wome edt moth oidalisva. tai eeutav siexuose etom Aivunl 
betaqmon Lexewne sins ot nvewsed sangre t RB mest aift (es xibnogaA) : 4 
o.f £ 1,01 ek .E¥-S$fe!l of ay-over ad eretahw ond tol ahead yidt#om 9 no 


 2undm tO ms eaneee gooneretihb tao tYing ie on dite mo . 
qs 


Iist 

yrh bus wxew (i) :ageesio aerd? otnt ifet todmesqse ak todtest % 
OTCl axbaut) setom bre foo> (ii) ,(2V@l egies ,fT@f bre IV@l stbavs) 
- (SOL bas Ovex sgist) sow brs boo (£tk) bre , ((TOL ayiee (SVC bas | 

outs edd nsewsed bole eft ef (999) bolts Inottivo Tish .(AO8 git) 
nedw emit ont bra etettedue efit to tat woled ited oTutsTaqnss ais nedw . 
teevindye scr idase oF bemrot esd (a OS-2L) reves wore neta itive 8 
boiteyeids to yriteves* sds become nA (SBeb shin) conrad AG 
“nt 20 teb10 nl -(80S  .gf4) 19d0%90 do ould 38 bnvong . ort - wale Yo it ; 
<SNOL bs {VCE etbmis (£4); (TCL aging (i) stew 2°94 Catnave: gnifegro 
— OFEr sxbmus (2) ores egiss (451) ,St@s appar bas 
eiarums Ione oF Siderovad 320m 9d 03 as (eae Cpe) olsun a0 
wore, ‘to sotves ttidese ylxe0 bas es2073 io iup tlw oerb oe) 


Fa! tak t agape 


oe. 2 eee 


ee ee 


¢, 2 es 


5 sions ? bas (bilee) agie a ts 


 goltstigtserq [etot 2D Asse oF meintn os 


7 4 
Xe bf 
. hr, J ey reeset Igto3 .ev 3 mumynio osem fe a 
; 1-7. pam 
. i Sere .ev jrauaurOy toe 9tUtET ia aoem 3 
33 TeuguA-¢iut es 
- : ; 4 i 


~ 70-71 
& 


Figure 20. Summary of weather data for taiga (solid) and tundra (open), 


1970-73. 

A. September: mean minimum temperature vs. total precipitation 

B. Fall Critical Period: mean minimum temperature October II-III 
vs. depth of snow on the ground at the end of October 

C. Winter: mean minimum temperature December-March vs. mean depth 
of snow on the ground at the end of the month, December-March 

D. Spring Critical Period: mean minimum temperature May II-III 
vs. total precipitation May II-III 

E. June: mean minumum temperature vs. total precipitation 

F, July-August: mean minumum temperature July-August vs. total 


precipitation July-August 
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cover, In this context the changeover from summer to winter conditions 
was most favorable in 1971 and least favorable in 1970. In each year 


conditions on the tundra tended to be better than those in the taiga. 


Winter 

In terms of mid-winter mean minimum temperatures, winters fell into 
four groups. In order of decreasing temperature they were (i) tundra 
1972-73, (ii) tundra 1971-72 and taiga 1972-73, (iii) tundra 1970-71 and 
taiga 1971-72, and (iv) taiga 1970-71 (Fig. 20C). However, snow depths 
helped compensate for the lower temperatures in the taiga. Insulation 
of snow cover after mid-winter was similar between the winters of 1971- 
72 and 1972-73 but was much less on the tundra than in the taiga (Fig. 
21). However, in the taiga, insulation was much better in early winter 
1972-73 than in 1971-72 despite the greater snow depth 1971-72 (Appen- 
dices 23 and 24). This improved insulation was primarily due to the 
greater prevalence of wind in early winter 1971-72 which compacted the 
snow, thus reducing its insulating ability. 

Fuller (1967) postulated that to be favorable to small mammals 
there should be sufficient snow cover to stabilize subnivean temperature. 
Taiga snow cover was similar all three winters and was probably suffic- 
ient to dampen fluctuations in air temperature and stabilize subnivean 
temperature (cf. Fuller et al. 1969, Johnson 1957, Pruitt 1957, Whitney 
1973). Tundra snow cover was probably similar all three winters but 
offered less insulation and probably was insufficient either to maintain 
as high a subnivean temperature as found in the taiga or to stabilize 
subnivean temperature (ef. Fuller et al. 1975a, Kelley and Weaver 1969, 


MacLean et al. 1974, Pruitt 1957, Whitney 1973). Therefore, conditions 
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were much more favorable for small mammals in the taiga than on the 
tundra each winter, and may have been most favorable in the winter of 


1972-73 and least favorable in 1970-71. 


Spring 

Spring critical period (SCP) is the period of active snow melt which 
marks the changeover from winter to summer conditions (Dunaeva 1948, 
Fuller 1967). Because snow cover is rapidly decreasing during May 
(Appendices 23 and 24), an estimate of the severity of SCP was made by 
comparing mean minimum temperature May II-III with total precipitation 
during the same period (Fig. 20D). In order of decreasing favorability, 
SCP was relatively (i) warm and dry on the tundra in 1971 and 1973 and 
in the taiga in 1971, (ii) cold and dry on the tundra in 1972, (iii) warm 
and wet in the taiga in 1973, and (iv) cold and wet in the taiga in 1972. 
Snowmelt was slowest in the taiga in 1972 (Appendices 23 and 24) and 
June I was relatively warm and dry in the taiga in 1971, intermediate on 
the tundra in 1971 and 1973 and in the taiga in 1973, and cold and wet 
both on the tundra and in the taiga in 1972 (Appendices 21 and 22). 

Fuller (1967, 1969) postulated that to be most favorable to small 
mammals spring should be early, short, warm, and dry, with more 
sublimation than melting of snow. In this context, changeover from win- 
ter to summer conditions was (i) most favorable in the taiga in 1971, 
(ii) perhaps slightly less favorable on the tundra in 1971 and 1973, 
(iii) somewhat less favorable again in the taiga in 1973, and (iv) least 


favorable both on the tundra and in the taiga in 1972. 


Summer 


Tundra and taiga summer weather 1971-73 was evaluated based on the 


“scorer i doa vere ‘- . Ys 


wes 


fla kiste tee wone evitos to pees at (92) boitaq feoitino wie 3 


al 
abet syeasuG) eno ft tbnda) Home oF 2 ‘zotniw mort sovosgnado ody exzam 
‘wore geesoo sa0L roLten 


| yam rey gnizbszoab “tien ap nes 
ys sham enw 192 to \3iteves Ste: +0 “assntioes oc . (8S bas ES ro sbasgn) ; 
soitatiqtoery Issey tiv rie st omiaanage? czarcbry Fat avon) gotecqos 
abl idstovst yacessaceb to" obo al (08 ald bolisq suse. on? ‘sermb 
bas EVOL Bae (ter ai srbaus ait? no yxb fois a (4) doviteter eo ay 
mieH (itp), ctet nite pbeut at 0 rer bne tid: ra): <tret ni agiea oils ne 
sven at agist odd i tow bas Feob (vi) brs: ,2veL mt aight ont ai ew bas 


bas (PS be ES esoibnoggn) evel ai syiss ona mi seewole eew “Somme 7 


fo ota ibomretnt .i@l al ayist ond nk xt: fia a xtevisator zaw I ont 
tow bas blo> bas 2N@L ai ayiat ot mi bre EVEL bite iter wt axbms oils 
(SS baa SS zeotbagggA) SV@L od sgtad oft a& bas exbaws on? go Azod 

ilgme oF pidexove? taom sd of ted?’ beseipecogy eect .4ae8) solivi ; 


oan dstw tb bes arti trofz ,yitse + binorde jotnge etsunaa . 


' . 


-uiw mort ‘sevodgusts .txexnon ett al wone Be anid tee rads nod semit due 


.1VeL ar Byiss ens ae olderovet sean (f) 2ew enoitibnes tomme ot hs ite 


EN@L baw (VOL mi svi sae ‘do aidstove? zest yisdigite aqadisg (ah) 


sesol (vt) ge Rehm syipd off ni bags oi derove? 22el tslwomoe (tii) 
; 
S9GE Wi mpiad si of bon sx oho. tod of rote 


ai 0 baead beseutave sew BV-1Vei rodekow vomeue ogied bam submit . 
r 
i? 


; 7 
3 ’ 
| 


77 


assumption that cold, wet summer weather is detrimental to small mammals. 
In order of decreasing favorability, June weather was relatively (i) warm 
and dry in the taiga in 1971, (ii) cool and dry on the tundra in 1971 

and 1973, (iii) cool and wet in the taiga in 1972 and 1973, and (iv) cold 
and wet on the tundra in 1972 (Fig. 20E). July and August varied much 
less in temperature than in precipitation but the weather was probably 
(i) best on the tundra in 1972; (ii) poorer on the tundra in 1971 and 
1973, and in the taiga in 1971; and (iii) poorest in the taiga in 1972 
and 1973 (Fig. 20F). In general, summer was (i) most favorable in the 
taiga in 1971, (ii) less favorable on the tundra in 1971 and 1973, and 
(iii) least favorable on the tundra in 1972 and in the taiga in 1972 and 
1973" 

In summary, 1970-71 combined the least favorable fall with the most 
favorable spring and summer in the taiga and with a less favorable spring 
and summer on the tundra, 1971-72 combined the most favorable fall with 
the least favorable spring and summer both on the tundra and in the 
taiga, and 1972-73 combined an intermediate fall with an intermediate 
spring and a poor summer in the taiga and with a slightly better spring 
and an intermediate summer on the tundra. All three winters were prob- 


ably favorable in the taiga and less favorable on the tundra. 


DISCUSSION 


Trapping 
One of the inherent problems of dead-trapping samples for popula- 
tion analysis is that the same sites cannot be re-trapped at close 


intervals without bias because the second sample is influenced by the 


removal of the first. To overcome this problem I trapped different 
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Sites each time, being careful that each was, as well as I could tell, 
similar vegetationally and structurally, and representative of the area 
as a whole. Anderson (1970), however, has suggested that small mammals 
likely live in small, socially defined breeding groups (demes), some of 
which exist in the most favorable habitat types (survival habitat) and 
export their excesses to the less desirable areas (colonizing habitat) 
where mortality is higher. In favorable years the increased survival 
of animals in colonizing habitats may lead to a population high. This, 
then, raises a possible bias in my samples because I may have been 
sampling a different deme, or different demes, esc time. Each deme, 
given intrinsic population control mechanisms, could be demographically 
different. 

Myers (1974) studied two wild populations of Mus musculus but did 
not find a temporally stable demic structure. She also noted that 
populations of Microtus pennsylvanicus and M. ochrogaster which have 


been studied (Tamarin and Krebs 1969, Gaines and Krebs 1971) did not 


show genetic subdivision. It is quite possible then that the C. ruttlus 


populations I studied do not exist in demes. However, this does not 
exclude the possibility that the proportions of survival and dispersal 
habitat with their quite different population types may have varied in 
each sample. 

Proportions of survival and dispersal habitat would be expected to 
be influenced primarily by general habitat type and be reflected in 
population density, which has been observed to vary with habitat type 
in C. rutilus (Dyke 1971, Koshkina 1967a). Since taiga dead-trap areas 
are large (2-9 ha) and all were in similar forest types, they probably 


contained similar proportions of survival and dispersal habitat. 
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Therefore, taiga dead-trap samples were likely representative of the 
area as a whole. 

Tundra dead-trap lines were sufficiently long to expect that many 
areas of survival and dispersal habitat were sampled at each site; also 
the general habitats sampled at each site were similar. Tundra dead-trap 
samples should, therefore, also be representative of the area as a whole, 
but the sites are so widely separated that local conditions probably 
have a greater effect on each sample than in the taiga. 

A check on the possible bias of dead-trap samples was made by 
comparing them with live-trap samples taken at the same time. There was 
a Significant correlation between dead-trap index and live-trap density, 
there were no significant differences in age composition of the two types 
of samples, and there were only two sampling periods in which a signifi- 
cant difference in sex ratio between the two types of samples occurred 

The higher proportion of young males caught in live traps compared 
with snap traps July III and August [II 1971 suggests that these animals 
were attracted differentially to the two types of traps. Both traps 
offer the stimulus of food as well as 'something-new-in-the-environment' , 
but live traps also offer shelter. I suggest that young dispersing males 
were seeking shelter in July III and August III 1971, thus causing the 
high sex ratio. Young males have been shown to have a greater tendency 
to disperse than young females in Mierotus arvalis (Frank 1966), M. 
pennsylvanicus (Van Vleck 1968), and Peromyscus polionotus (Smith 1968). 

The close correlation between live-trap and dead-trap samples 
suggests that no significant differences were present between sites. 
Other studies have found correlations between catches from live-trap 


index lines and live-trap grids (Hansson 1967, Petticrew and Sadleir 
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1970) and dead-trap index lines and a live-trap grid (Yang et al. 1970). 
Petticrew and Sadleir (1970) also found similar survival rates and body 
weights in samples obtained by the two techniques and Yang et al. (1970) 


found no significant differences in weight classes or sexes caught. 


Factors Affecting the Population 

Extrinsic factors such as weather, food, predators, disease, and 
parasites may affect reproductive and mortality rates of a population. 
Because the role of weather is central to the hypothesis I set out to 
test, the majority of the discussion on the effects of extrinsic factors 
will relate to it. 

To accurately appraise the role of food, detailed study of seasonal 
food usage, preference, availability, and quality is needed. Since this 
was considered beyond the scope of the study only qualitative and 
limited quantitative appraisals of relative food quantity were made. 

No marked differences in the abundance of berries between summers were 
detected. Also, a high percentage of the berries present in fall were 
still present the following spring, after snowmelt (cf. Dyke 1971). In 
a study of food in relation to fluctuating northern small mammal popula- 
tions, Dyke (Zbtd.) did not find any clear control exerted by food, 
although he suggested that food supply may have influenced the magnitude 
and pattern of numbers. I do not feel that differences in food supply 
either between tundra and taiga or between years were sufficient to 
produce the demographic differences observed. 

Predators were not common in the study areas, although both avian 
and mammalian predators may have been more common on the tundra than 
in the taiga. The primary mammalian predator was probably red fox 


(Vulpes vulpes) as no signs of arctic fox (Alopex lagopus), marten 
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(Martes americana), or ermine (Mustela erminea) were encountered and 
Signs of lynx (Lynx lynx) and wolf (Canis lupus) were rare. Avian 
predators were generally rare. Predation was not considered a signifi- 
cant mortality factor in this study. 

No detailed studies were made on disease or parasites, except for 
stomach nematodes (Mastophorus and Rictularia), although all animals 
autopsied were examined qualitatively. No conspicuously diseased ani- 
mals were found during the autopsies, and, in general, the same pattern 
and intensity of infection by stomach nematodes was found each year, 


both on the tundra and in the taiga (unpublished data). Disease and 


parasitism were not considered significant factors in population control 


in this study. 

Extrinsic factors may cause demographic changes in a population 
either directly by altering mortality rates, or indirectly by modifying 
behavior and physiology. Changes in behavior and physiology may also 
result from interactions with other individuals of the same species. In 
the former case demographic changes brought about by proximally intrin- 
sic factors - behavior and physiology - are ultimately extrinsic; in 
the latter case er are ultimately intrinsic. ~lteis the role or these 
ultimately intrinsic factors which I will consider. Because I did not 
measure behavior and physiology directly, I will attempt to assess 


their role by monitoring thei reerireces. 


Effects of Extrinsic and Intrinsic Factors 


Mortality rate 


A general pattern was observed of overwintered animals disappearing 


by early in their second winter, early-cohort animals disappearing late 
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in their first winter or very early their second summer, and late-cohort 
animals making up the overwintered population in their second summer. 
This general pattern has also been reported for C. glareolus (Gliwicz 
@teagl .o#1968) | Kaikusalorl972)eandaG. rufocanus (Fujimaki 1969, Kalela 
1957), and suggested for C. rutilus (Sealander 1972). 

Poor weather during the post-breeding, pre-winter period may affect 
the population directly by increasing mortality rate and/or indirectly 
by either weakening the animals and making them more susceptible to over- 
winter mortality or by decreasing the quality of the food supply needed 
by the overwintering population. The weather in September was most 
favorable on the tundra in 1971 and 1973 and in the taiga in 1973, less 
favorable on the tundra in 1972 and in the taiga in 1971, and least 
favorable in the taiga in 1972. A marked September decrease in popula- 
tion level occurred in the taiga in 1972 but not in the taiga in 1971 
and probably not on the tundra in 1972 or in the taiga in 1973. This 
decrease was associated with an unusually cold, wet September and may 
have been due to an increase in mortality rate caused directly by 
weather. 

Since overwinter mortality was measured by comparing the pre-FCP 
population level with the post-SCP population level both FCP and SCP 
will be considered along with mid-winter conditions in assessing the 
effect of winter weather on the population. An unfavorable FCP would be 
expected to affect the population directly through increasing mortality 
rate and/or indirectly through poor preservation of overwintering food 
supply. Adverse winter conditions and an unfavorable SCP would also be 
expected to affect the population through increased mortality rate. 


The winter of 1971-72 had a much more favorable FCP and a much less 
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favorable SCP than the winter of 1972-73, both on the tundra and in the 
taiga. Mid-winter conditions were generally similar between years but 
may have been more favorable in 1972-73 than 1971-72. Conditions were 
also generally much more severe on the tundra than in the taiga. Over- 
winter mortality (1 October-1 June) was greater in the taiga in 1971-72 
(76% of all animals; 69% of the late cohort) than in 1972-73 (55% of all 
animals; 42% of the late cohort) but was greater on the tundra (about 90- 
95% of all animals) than in the taiga both winters. 

Fuller (1969) and Fuller et al. (1969), working just west of Great 
Slave Lake, N.W.T., reported a winter decline in C. ruttlus populations 
of about 80% (100% of marked animals) in one winter and only 30% (47% of 
marked animals) the next. The high mortality in the former year was 
considered to have occurred in early March and to have been the direct 
result of exposure to a prolonged period of low temperatures from late 
December through early February. This period of low temperature was 
reflected in subnivean temperatures despite the fact that snow cover was 
greater that year than the following year; snow density was similar both 
years. Whitney (1973), working near Fairbanks, Alaska, found winter 
declines in C. rutilus of about 85% in a low snow winter and about 55% 
in a high snow winter. Subnivean temperatures were much lower and less 
stable during the low snow winter than during the high snow winter. 

In my study, air temperatures in the taiga were lower during the 
winter of high mortality (1971-72) than during the winter of low mortal- 
ity (1972-73) but I do not know if this was reflected in subnivean tem- 
peratures since no continuous readings of subnivean temperature were 
taken. In the taiga, the winter of 1971-72 was noticably less favorable 


than the winter of 1972-73 during SCP. I suggest that although low mid- 
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winter temperatures may have been partly responsible for the high 
overwinter mortality in 1971-72, the poor weather during SCP was also 
aetactor. 

A comparison of snow depths and air temperatures during the two 
winters with those of other studies suggests that subnivean temperatures 
were much higher and more stable in the taiga than on the tundra. There- 
fore, the higher overwinter mortality on the tundra may have been due to 
poor mid-winter subnivean conditions on the tundra. 

Poor summer weather might increase mortality rates, particularly of 
young animals. A measure of mortality rate is available only for the 
taiga population. There was no significant difference between years in 
the summer mortality rate of overwintered animals although summer weather 
conditions were relatively more favorable in 1971 than in 1972 and 1973. 

In order of decreasing favorability of June weather, the summers 
ranked as follows: taiga 1971, tundra 1971 and 1973, taiga 1972 and 
1973, and tundra 1972. There was no difference in early-cohort mortality 
rate in the taiga despite the differences in weather conditions between 
years. In order of decreasing favorability of July-August weather, the 
summers ranked as follows: tundra 1972, tundra 1971 and 1973 and taiga 
1971, taiga'1972 and 1973. Since there was no difference in late-cohort 
mortality in the taiga between 1971 and 1972 despite a difference in 
weather conditions, and because weather conditions were similar in 1972 
and 1973, the possible decrease in late-cohort mortality rate in 1973 
was probably not due to weather. It is also probable that there were no 
differences due to weather in early-cohort or late-cohort mortality rates 
between tundra and taiga in any year. 

In the taiga the average disappearance for the early cohort was 75% 


over approximately 40 days (1971-73) and 35% for the late cohort over 
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approximately 50 days (1971-72); the late cohort disappearance rate may 
have been even less in 1973. For an island population of C. glareolus 
the disappearance rate for the spring cohorts was estimated to be approx- 
imately 45-48% over 43 days (Bujalska et al. 1968), 24-34% over 42 days 
(Petrusewicz et al. 1969/70), and 39-53% over 32-59 days (Ryszkowski and 
Truszkowski 1970) depending on the method of calculation. On the same 
island the disappearance rate for summer cohorts was estimated to be 
approximately 88-95% over 43 days (Bujalska et al. 1968) and 87-96% over 
42 days (Petrusewicz et al. 1969/70). Ryszkowski (1971) studied C. 
glareolus in four forest types and found disappearance rates of 63-90% 
over 4-7 months for spring cohorts and 53-70% over 1-4 months for summer 
cohorts depending on the forest type. While the variability of these 
estimates is apparent and any sefatreens must be made cautiously, it is 
clear that the disappearance rate of summer cohorts was much greater 
than that for spring cohorts in C. glareolus; while the reverse appears 
to be true for C. rutilus in my study. Adamczewska-Andrzejewska and 
Nabaglo (1974) also found higher early mortality rates for spring-born 
than for summer-born cohorts, in Merotus arvalis. 

Breciniferioy was less in June and early July than in late July and 
August and temperatures tended to be either similar in both periods or 
somewhat warmer in the former. Therefore, one would expect that weather 
conditions would be more favorable in June and early July than in late 
July and August. The difference in mortality rates of the two cohorts 
does not appear to be related to environmental conditions. 

Food is more available and perhaps of higher quality during the 
last half of the summer when new berries have become ripe than during 


the first half of the summer when only overwintered berries are found. 
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It is possible that the better nutritional base for nursing females and 
newly weaned young contributes to the increased survival of the late 
cohort. 

Krebs et al. (1969), working on Mterotus in southern Indiana, found 
that survival rates changed in a cyclic manner accompanying a cycle of 
numbers. Survival of both adults and Se ics was good during the 
increase phase but juvenile mortality increased during the peak and 
decline. Subadult and adult mortality, though staying low during the 
peak, increased during the decline. This general pattern has been found 
in other species of small mammals (Krebs 1964, Krebs et al. 1973, Krebs 
and Myers 1974). 

In terms of a cycle in numbers, the taiga population in my study 
Ganabe considered to have been in, a peak phase a £971) sina decline 
phase in 1972, andj/in an increase phase in 1973. There was no signifi- 
cant difference between phases in early-cohort mortality rate but late- 
cohort survival was probably better in the increase phase. There dee no 


difference in mortality of overwintered animals between phases, 


Sex ratio 

In general, there were few significant departures from a 1:1] sex 
ratio and few significant differences in mean sex ratio of any age class 
between years. The most conspicuous difference between tundra and taiga 
occurred in 1973 when, in the taiga, the early cohort showed a deficiency 
of males and the late cohort showed an excess of males; on the tundra, 
the pattern was reversed. In the case of late-cohort animals, in the 
taiga the 1973 ratio was significantly greater than 1:1 and on the tundra 


it was significantly less than 1:1 and significantly smaller than in Loy 2. 
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Myers and Krebs (1971), working on Microtus pennsylvanicus and 
M. ochrogaster, found that resident populations showed a deficiency of 
males; whereas sex ratios of newly caught animals showed an excess of 
males. This was found to be due to decreased survival and increased 
mobility and growth of males rather than either a difference in sex 
ratio at birth or trappability. They found no consistent correlation 
between sex ratios and population parameters, using measures of density, 
rate of change in density, reproductive rate, and mortality rate, but 
noted a correlation between secondary sex ratio and maternal genotype 
in M. ochrogaster. The pattern I found may also have been due to differ- 
ences in amount of dispersal between the populations or to a shift in 


maternal genotype during the summer. 


Reproduction 

Winter breeding (breeding under the snow other than immediately 
prior to snowmelt) in a number of small mammals has been associated with 
unusually favorable winter conditions (Sadleir 1969). During my study, 
only overwintered animals were encountered in early summer both on the 
tundra and in the taiga. Also, no indication of breeding was found in 
animals trapped during the winter of 1971-72. 

Whitney (1973), working in central Alaska, reported two litters of 
C. ruttlus born in metabolic chambers in late March and early April in a 
year with an unusually deep snow cover. Whitney's findings must be 
viewed cautiously because they are based on a live-trap plot where bait- 
ed traps were left open at all times. This provided the animals with 
additional food and shelter and food supply has been related to winter 


breeding in C. glareolus (Zejda 1962, Andrzejewski 1974). The only 
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other reported case of winter breeding in C. rutilus is from the West 
Sayan Mountains, USSR (Khlebnikov 1970) where both pregnant and lactating 
females were captured in February. after a favorable summer and autumn. 

Fuller (1969) suggested that an unfavorable SCP might delay the 
onset of breeding. Since I was not able to sample tundra sites until 
mid-June, only taiga data are available for SCP. SCP in the taiga was 
relatively most favorable in 1971 and least favorable in 1972. Also, 
snowmelt was delayed a week to ten days in 1972 relative to 1971 and 
VOUS: 

Although there was little difference in dates of first conceptions 
between years, mean conception date for the first litter of overwintered 
females was delayed about 11 days in 1972 relative to the other two 
years. However, mean conception date of the second litter of over- 
wintered females was delayed only about 5 days relative to the other 
two years; therefore, compensation was made for part of the initial 
delay. 

First conception dates were similar between years but the mean 
date was delayed in the year with the most unfavorable SCP. This sug- 
gests that onset of breeding condition in females may be controlled by 
photoperiod, as has been proposed for C. gappert in Alberta (Evernden 
and Fuller 1972) and C. rutilus in Alaska (Sealander 1967), but weather 
during SCP affects mean timing of production of young. 

Fuller (1969) reported that onset of breeding in C. rutilus and 
C. gapperi was not "seriously" delayed in a year with an unusually late 
snowmelt but that intensity of breeding was reduced in the latter spec- 
ies. Therefore, mean birth date of the first litter of overwintered 


animals may have been delayed in C. gappert if not in C. ruttlus. A 
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delay in onset of breeding in a year with late snowmelt has also been 
reported for C. rufocanus (Koshkina 1957) and Lemmus Lemmus (Koshkina 
and Khalanskii 1962) on the Kola Peninsula and Peromyscus maniculatus at 
Heart Lake (Fuller 1969), but this delay was compensated for later in 
the summer in the two species on the Kola Peninsula (Koshkina 1966a, 
Koshkina and Khalanski 1962). 

Poor weather near the end of the potential breeding season might 
be expected to shorten the realized breeding season; whereas good 
weather might be expected to prolong it (Ashby 1967). In the taiga 
in 1971 and 1972 and on the tundra in 1972 the last conception took place 
in late August; whereas at least one female conceived in early September 
in the taiga in 1973. Overwintered males were still functional in the 
-taiga in late September 1972 and on the tundra in mid-September 1972 but 
were not functional in the taiga in late September 1971 or mid-September 
1973, although early-cohort males were functional in the taiga in mid- 
september 1973. 

Weather in September was most favorable in the taiga in 1973, less 
favorable on the tundra:in 1972 and in the taiga in 1971, and least 
favorable in the taiga in 1972. Favorable September weather may have 
permitted an extension of breeding season in taiga females in 1973 but 
there appears to be no correlation between September weather and length 
of breeding cone males. 

Adverse summer weather might decrease the intensity of reproduction 
and/or the number of viable embryos per breeding female (Sadleir 1969). 
In general the summer weather was most favorable sige selgke™ PerceGene® sigh ABSIT 
less favorable on the tundra in 1971 and 1973, and least favorable on 


the tundra in 1972 and in:the taiga in 1972 and 1973. Although in the 
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taiga the most favorable summer occurred in 1971 and the least favorable 
in 1972 and 1973, significantly more early-cohort animals bred in 1973 
than in 1971 or 1972. On the tundra there was no significant difference 
in the proportion of early-cohort animals breeding between years, des- 
pite the differences in weather. Also there was no significant differ- 
ence in litter size or resorption rate between years, either on the tun- 
dra or in the taiga. The observed variations in summer weather were not 
associated with significant differences in intensity of reproduction or 
number of viable embryos per litter. 

A decrease in reproductive output with an increase in population 
density has been shown for a number of small rodents (Sadleir 1969). 
Several causes of variations in reproductive output have been suggested. 
Christian (197la) reviewed the relationship between population density 
and reproductive efficiency in a number of mammals and concluded that 
"endocrine or behavioral negative feedback mechanisms operate to 
increase mortality and decrease reproduction as density increases and 
can Peeuteee and limit population growth if some other outside limiting 
factor does not do so first.'' Koshkina (1974a) found that for C. rutilus 
in the Salair taiga the intensity of reproduction of young-of-the-year 
was inversely correlated with the density of overwintering animals in 
spring. Krebs et al. (1973) and Krebs and Myers (1974) noted that 
cyclic variations in reproductive rate accompany cycles in numbers in 
several small mammals; reproductive rate varies from a maximum during 
the increase phase to a minimum during the decline. They suggested that 
this cyclic variation in reproductive rate has a genetic basis; while 
Schaffer and Tamarin (1973) noted that such cycles will occur with 


changes in population density if animals behave in such a way as to 
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maximize their Darwinian fitness. Variations in reproductive output in 
small rodents have also been related to length of breeding season (Mullen 
1968), social factors such as territoriality (Bujalska 1970), and food 
quantity and quality (Kalela 1957, 1962; Koshkina 1957; Lack 1954; 
Sokolov and Baiagura 1974; Tast and Kalela 1971). 

In the taiga, the highest population density was found in 1971 but 
there was no decrease in reproductive rate. There were no significant 
differences between years in either proportion of overwintered animals 
breeding or litter sizes, and there may have been no difference between 
years in the length of breeding season. However, in 1973, the year of 
lowest overwintered density in the spring, significantly more early- 
cohort males and penatoerir en than in the other two years. This fits 
the pattern suggested by Koshkina (1974a). However, if 1973 is consid- 
ered an increase phase and 1971 and 1972 peak and decline phases respec- 
tively, then the population also follows the pattern suggested by Krebs 
et al. (1973), Krebs and Myers (1974), and Schaffer and Tamarin (1973). 

On the tundra, population density was relatively the same between 
years and overwintering densities were consistently lower than those in 
the taiga. There were no significant differences between years in 
either proportion of overwintered animals breeding or litter sizes, and 
there may have been no difference between years in length of breeding 
season. There was also no significant difference between years in 
proportion of early-cohort females breeding but a significantly higher 
proportion of early-cohort males were in breeding condition in 1971 
than in 1972 and 1973. There was probably no difference between years 
in the number of litters/breeding female/breeding season. Since 


production depends on number of breeding females, litter size, and 
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number of litters/breeding female/breeding season there was probably no 
Significant difference in production between years. 

In 1971 and 1972 the proportion of early-cohort males breeding was 
Significantly higher on the tundra than in the taiga but there was no 
Significant difference in 1973. The proportion of early-cohort females 
breeding was significantly higher than that in the taiga in 1971, not 
different in 1972, and significantly lower in 1973. Considering both 
tundra and taiga animals, early-cohort males fit Koshkina's (1974a) 
hypothesis of high maturation rates at low overwintering densities but, 


clearly, females do not. 


Wounding 

Incidence of wounding is an index of intraspecific interactions and 
has been related to maturation and population density (Christian 1971la) 
and to phase of a population cycle (Chitty 1967). Krebs (1964) found a 
significant increase in the proportion of winter generation Lemmus 
trimueronatus and Dierostonyx groenlandicus with wounds in early summer 
of a high density ("peak'"') year; these differences were not significant 
late in the summer. He suggested that maturation of young male Lemmus 
in the summer of their birth leads to a great increase in fighting and 
that inhibition of maturation may be a mechanism to prevent fighting. 
Christian (1971b) found a significantly greater amount of wounding in 
mature male Microtus pennsylvanicus with increased population density 
but noted that immature males were seldom attacked, and then not severe- 
ly. Krebs (1970) found from behavioral tests that ™. pemnsylvantcus and 
M. ochrogaster males were more aggressive in a high density peak phase 


than in lower density increase and decline phases. 
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In the taiga I found a much higher level of wounding in 1971 than 
in the other two years. Because population density was also greater in 
_ 1971 the increase in wounding appears to have been related to high densi- 
ty. This relationship is surprising as greatest density in 1971 was only 
about 11-19/ha. 

Krebs! (1964) and Christian's (197la) suggestion that maturation of 
young males in the year of their birth leads to a great increase in 
fighting was not supported in this study. Only in 1971 were significant- 
ly more mature than immature early-cohort animals wounded, but the 
greatest proportion of early-cohort animals maturing in the year of their 
birth was in 1973. The level of wounding in early-cohort animals was 
better related to population density than to maturation. 

Significantly more late-cohort males and females in 1972 and late- 
cohort females in 1973 were wounded on the tundra than in the taiga. 

This does not appear to be related either to density or to maturation 
because density was generally lower on the tundra than in the taiga and 
maturation of late-cohort animals was rare in both areas. However, 
assuming that suitable overwintering habitat is more restricted on the 
tundra than in the taiga, the higher incidence of wounding in late- 
cohort tundra animals may be the result of more intensive intraspecific 


competition for suitable winter habitat. 


Testis length 

In the taiga, the June-August testis length in overwintered males 
was significantly less in 1973 than in 1971 and 1972. Mullen (1968) 
found significantly longer testes in Lemmus trimucronatus during a year 


of "high" density than in the following two years of much lower densi ty. 
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In Mullen's "peak'' year the population density was highest in June and 
declined rapidly during the summer; while in my study, in 1973 a low 
density population in June increased rapidly towards the end of the 
summer. These data suggest that testis length is related either direct- 
ly to density, to density and to the rate of summer increase of the pop- 
ulation, or to the phase in a cycle of numbers. In any case, the biolo- 
gical significance of the relationship is obscure. 

An alternate solution is offered by Bodenheimer's (1949, cited by 
Sadleir 1969) work on wild populations of Microtus guenthert. His study 
suggested that an increase in the level of available nutrition caused 
any increase) in testis size. This does not appear to have been a likely 
factor in my study because an unusually low level of food availability 
would not be expected to accompany the significant increase in productiv- 
ity observed in 1973, Nor does it appear to have been a factor in 
Mullen's study because the level of available nutrition (pounds of 
protein per acre) was lower in the peak year than in the year following 


the peak (Mullen 1968). 


Organ weights 

(i) adrenal 
Changes in adrenal weight and/or pituitary-adrenocortical 
function connected with changes in population size have been 
shown in both laboratory and field (Christian 197la). How- 
ever, in wild populations, some inconsistencies occur (Andrews 
1970) and some reported density differences (Christian and 
Davis 1966) can be explained by a seasonal pattern. 


The only significant difference in adrenal weight either 
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between years or between tundra and taiga occurred May III in 
the taiga when both overwintered males and females in 1971 had 
heavier adrenals than in the other two years. Because these 
heavy weights occurred during the peak of the spring breeding 
season in the year with highest overwintered population densi - 
ty, it is possible that the increase was directly related to 
density. Adrenals in late-cohort taiga animals tended to be 
heaviest in 1973 and lightest in 1971,; showing no direct 
relationship with population density. In general, no consist- 
ent relationship between adrenal weight and population density 
was found. 

kidney 

Soviet workers (Schwartz 1963, Schwartz et az. 1964) have 
noted that kidney weight is an index of general metabolic rate; 
the conditions which favor intensification of metabolism are 
accompanied by an increase in relative kidney weight and a 
decrease in metabolic rate is accompanied by a decrease in 
relative kidney weight. Kidney weight in C. ruttlus has been 
reported to follow an annual cycle, with higher weights in 
summer than in winter (Sealander and Bickerstaff 1967). This 
fluctuation was considered to be related to ambient air temper- 
ature (Ibid.), but perhaps is better related to general envi- 
ronmental conditons. It was anticipated that variations in 
kidney weight between years or areas might serve as an index 
of the relative environmental conditions experienced by the 
voles. 


In the taiga, a marked decrease in kidney weight occurred 
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during FCP in 1971 but not in 1972 when environmental condi- 
tions were less favorable. If the decline in 1971 is consider- 
ed part of the normal decline from summer to winter kidney 
weights, then the adverse conditions during FCP in 1972 may 
have required the animals to have a higher metabolic output 
than in 1971, thus delaying the normal decline and resulting 

in higher October III kidney weights in 1972 than in 1971. 

April kidney weights in the taiga were higher in 1973 than 
in 1972. If the animals reacted to unfavorable winter condi- 
‘tions by decreasing their general metabolic rate, then the 
differences I found in April kidney weights indicate that sub- 
nivean conditions were more unfavorable in 1971-72 than in 
1972-7 35,e Climatic data support this suggestion because air 
temperatures in mid-winter and in late March and early April 
were lower in the winter of 1971-72 than in 1972-73. In the 
taiga, environmental conditions during SCP were best in 1971 
and poorest in 1972. However, little difference between years 
was apparent in May III - June I kidney weights, although they 
tended to be highest in 1971 and lowest in 1973. Environmen- 
tal conditions during SCP did not appear to have a pronounced 
effect on kidney weight. 

Early and late summer kidney weights were relatively simi- 
lar both between years and between tundra and taiga. However, 
early summer weights tended to be highest in 1971 and lowest 
in 1973; while late summer weights tended to be higher in 1972 
than in the other two years. The greatest differences were 


found in mid-summer. In decreasing order, mid-summer weights 
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ranked"as “follows Se r(z)ctundra th97 254 Gad) taiga,19725 (111) 
tundra 1973 and taiga 1973, (iv) tundra 1971, (v) taiga 1971. 

Environmental conditions in June varied greatly between 
years and areas and, in general, tended to be best in 1971 and 
poorest in 1973. Environmental conditions in August also 
varied greatly between years and areas and tended to be best 
on the tundra in 1972 and poorest in the taiga in 1971. In 
both early and late summer there was little variation in 
kidney weights despite wide variation in environmental condi- 
tions. However, early and late summer kidney weights did 
reflect environmental conditions to some extent; weights were 
lower when environmental conditions were poorer and higher when 
conditions were better. 

Environmental conditions in July varied much less than those 
in June or August but were probably best on the tundra in 1972 
and in the taiga in 1971 and 1972, poorer on the tundra in 1971 
and 1973, and poorest in the taiga in 1973. There was no 
correlation between mid-summer kidney weights and environmental 
conditions in July. 

Although kidney weight followed an annual fluctuation with 
low weights in winter and high weights in summer, the differ- 
ences between 4 dace and areas, in spring and summer, were not 
well correlated with environmental conditions. It is possible 
that the physiological state of the animal is more influenced 
by reproduction and other intraspecific interactions during 
these periods than by weather. Kidney weight, therefore, was 


not considered a sensitive or consistent index of environmen- 
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tal conditions experienced by the animals during spring and 
summer. 

In fall and winter, however, the physiological state of the 
animal may be more affected by environmental conditions than in 
spring and summer; hence the closer correlation found during 
this period. Fall and winter kidney weights may, therefore, 
serve as an index of the environmental conditions experienced 
by the voles. Based on this index, FCP in 1972 and the winter 
of 1971-72 were environmentally more unfavorable for voles than 


FEP™in 1971. and the winter of 1972-73. 


(iii) BAT 


Brown adipose tissue (BAT) is known to be a thermogenic effect- 
Or organ in mammals (Smith and Horwitz 1969), and Didow and 
Hayward (1969) demonstrated that in a natural population of 
Microtus permsylvanicus relative BAT weight was related to the 
seasonal requirement for cold thermogenesis. Didow and Hayward 
(Ibtd.) also suggested that thermogenic mechanisms are most 
important in thermoregulation of voles during the cold exposure 
of late autumn and early winter. 

Annual cycle of BAT weight has been studied in several 
species of small mammals including C. ruttlus (Sealander 1972) 
and some workers have found interannual differences (Didow and 
Hayward 1969, Meunier 1969, Pasanen 1971). Interannual differ- 
ences in BAT weight should be related to the interannual dif- 
ferences in environmental conditions experienced by small 
mammals. Therefore, interscapular BAT weight should serve as 


an index of these conditions. 


98 


orig! to este idodgotoieuta, lt cee cin bra et at 
ar neds encstibaoo (esrnos Evan betes otom od ‘sor amine 
gnigub bavol nofsefettvo roz0fo! ‘eifsaanod comme bins giinge 
aroustoils oyom atigiow yonbsd 246 bes [ts -bobtoq aii 
beone!tegKe aaeisibnroo. tstnomnori vis ‘ens 20 xshbai 0B 28 evTse 
rasntw 90s bee Svel at WI xobat eis no bgasd .2efov ssia yd 
nsf? 2stov ba afdstovsinu stom \ulIssnounonivne erew QV-£T@! Yo 
a ict 20 Toserw sit bee §Ol ni WT 


TAS (ite) 


-jo0%te singgomrons 8 9d 03 fwonk ac (FAS) sueet? ezogibs swoté 
bas wobit bas (ee ; baal bine ty tae) era ni a8@xe 10 
to fo tds Tuqog eden a nk ted? buveg sabe “(QdOF} brewyst 

efi ot bessior eaw Indgiow : is BLA BUDE TACT YANG | eyo 

‘ brewysl brs feni0 ‘nbaaattipee Bios x03  reagebPe Riagtie tenoasee 
seom ove amefiadosm otmegomredis tad3 bosesggue cela { eed) 
ayueogxe bios a3 gnimsb esfoy to noise Lugotom ods at anarroqet 
zonitiw pee bas. nmutus otel to 

Istovee ni betbute aesd ee aitgiow 7a fio slaye faynagh 
estes xolbasise@) Roe 2) girtbuloni 2 Lesa flame to poioagqe 

‘pre wobid) 292 yreTti b Lounmexa se) bro eves’ haat oe Ww 

igeyib Iswanet ral : Fe onan eet astation josh biiines 

add of betalox ad btuoWe “tiigiew TAR. mi team 
7 y ettonr id ro8 Kagawa wine ak enoner04 


; 71 a a i ce eine Yo soba as 


On _ . Con : KA a 


1th sini ncn ve 7 


99 


In the taiga there was no difference in BAT weight during 
FCP between 1971 and 1972 despite the difference in environ- 
mental conditions. There was also no difference in BAT weight 
during late winter and SCP between 1972 and 1973, again despite 
the difference in environmental conditions. 

Early summer BAT weight in the taiga tended to be higher in 
1971 than in the other two years and late summer BAT weight 
both on the tundra and in the taiga tended to be highest in 
1971 and lowest in 1973. Early summer (June) environmental 
conditions were better in the taiga in 1971 than in 1972 or 
1973, and late summer (August-September) conditions in order 
of increasing severity were as follows: tundra all years, 
CaigalO7lo targa 1975. targani972... Ihe a gett correlation 
between high BAT weight and severe environmental conditions 
was not present. Interscapular BAT weight was not considered 
a sensitive indicator of the environmental conditions exper- 


ienced by the voles. 


Growth 

Hyvadrinen and Heikura (1971) postulated that the annual pattern of 
growth in C. glareolus and C. ruttlus was partially controlled by a 
seasonal endogenous rhythm but noted that winter environmental condi- 
tions or population density may modify the pattern. A general pattern 
of decline in body weight from October to November, a relatively stable 
level from November to February and an increase beginning in March has 
been demonstrated for three populations of C. ruttilus (Boikova and 


Boikov 1972, Fuller et al. 1969, Sealander 1966). The same pattern was 
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reflected in condylobasal length in one of the populations (Boikova and 
Boikov 1972) but no significant change in body length from October to 
March was found in another (Stebbins 1968). 

I observed a significant decline in body weight in late-cohort 
taiga animals in October 1971 and 1972 and in early-cohort tundra ani- 
mals in October 1972. October declines also occurred in early-cohort 
taiga animals in 1971 and 1972 and late-cohort tundra animals in 1972 
but were not significant. No further significant changes in body weight 
of young-of-the-year occurred October III 1971 through April II 1972. 
Condylobasal length and body length of taiga young-of-the-year showed 
some increase through November 1971, a decrease to mid-March 1972, and 
an increase after mid-March; but these differences were generally not 
Significant. 

Fuller et al. (1969) suggested that a decrease in mean body weight 
in winter occurs in most, if not all, Holarctic microtines and is 
brought about by three processes: death of oldest (largest) animals, 
cessation of growth in the youngest, and an actual decline in weight of 
those older animals that survive. The decrease in body length and con- 
dylobasal length observed in my study can probably be attributed to the 
first two processes suggested by Fuller et al. However, the October 
decline in body weight was not restricted to older animals; it occurred 
in both breeding and non-breeding early-cohort, and late-cohort indiv- 
iduals. This suggests that early winter declines in body weight occur 
on an individual level and are not artifacts of a changing age structure 
of the population. Winter weight losses at an individual level have 
also been reported in Microtus pennsylvanicus (Iverson and Turner 1974). 


As has been pointed out by several workers (Boikova and Boikov 1972, 
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Fuller et al. 1969, Kalela 1957, Mezhzherin 1964) this weight loss is 
probably a cold climate adaptation, at least in subnivean mammals, and 
the advantage lies in a decrease in overall energy requirements. 

Hyvdrinen and Heikura (1971) observed in C. glareolus that growth 
was more severely retarded and bone alkaline phosphatase activity was 
lower in a winter of "very high" population density than in a winter of 
lower population density and "better living conditions.'' The October 
decline in body weight in late-cohort taiga animals, in my study was 
Significantly greater in 1972 than in 1971. This may have been related 
to FCP, which was more severe in 1972 than in 1971. 

Fuller (1969) suggested that an unfavorable SCP might delay weight 
gain in overwintered animals. He found that weight of overwintered C. 
gappert and P. maniculatus in May was significantly less in a year with 
an unfavorable SCP, and that C. gappert females weighed significantly 
less than males during that May. Fuller suggested that the low weights 
were caused by the late spring - the animals were unable to secure 
sufficient energy to add weight in addition to the extra thermal stress, 
females being more severely affected than males. At the same time, 
however, he did not find these trends in C. ruttlus, which was postula- 
ted to have a greater cold tolerance than C. gappert. 

Although, in my study, the mean body weight of both overwintered 
males and females in the taiga May III - June I was less in 1972 (least 
favorable SCP) than in the other years, this difference was not signifi- 
cant. As in Fuller's study, spring weight gain in C. ruttlus was not 
significantly affected by conditions during SCP. Females weighed 
significantly less than males in May III ‘each’ year and in-June T, 1972, 


but, in general, there were no significant differences later in the 
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summer. Spring weight gain in females is probably delayed relative to 
that in males due to the energy demands of pregnancy. 

In the taiga, summer growth in body length was Significantly less 
in 1971 than in 1972 or 1973. This trend was also apparent in condylo- 
basal length but not in body weight. Zejda (1971) noted that growth is 
better characterized by body length than by body weight, a fact which 
may help account for the lack of difference in weight between years. 

Summer weather was more favorable in 1971 than in the other two 
years. The retardation in growth, therefore, does not appear to be 
related to weather. Food quality may have been a factor but, because 
it was not measured, its role cannot be assessed. 

Koshkina (1957) found that in high density populations of C. 
glareolus, growth of young stopped early and young had lower weights in 
fall than in years with lower densities. However, this may have been 
related to the proportion of young maturing because: (i) young that 
mature in the year of their birth grow more rapidly than those that 
remain immature (Bujalska and Gliwicz 1972, Kalela 1957, Zejda 1971), 
and (ii) fewer young mature in the year of their birth in high than in 
low density populations (see Sadleir 1969). The generally reduced 
growth in the taiga in 1971 in my study also occurred in a high density 
population but was found in each age class and was not an artifact of 
differential maturation rates. If maturation was not involved in 
Koshkina's study then both populations may have shown a decreased growth 
rate with high population density. 

Krebs et al. (1969) found higher individual growth rates in 
increasing populations of both Microtus pennsylvanicus and M. ochrogas- 


ter than in peak populations, which in turn had higher rates than 
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declining populations. Increasing and peak populations of several micro- 
tines have been characterized by adults of large body size (weight) which 
are eliminated in declining populations (Chitty and Chitty 1962; Fuller 
et al. 1975b; Kalela 1957; Keller and Krebs 1970; Krebs 1964, 1966; Krebs 
et al. 1969). These variations in growth rate and body size have been 
considered to change in a cyclic manner accompanying the cycle of numbers 
and to have a genetic basis (Krebs et al. 1973, Krebs and Myers 1974). 

In my study there was no significant variation in body weight 
either between years or between areas, despite marked changes in popula- 
tion density. However, animals tended to be heavier in relation to body 
length in the taiga in 1971, but body length was shorter than in the 
other two years. If this effect were genetic it would not be expected 
to occur in both parents and offspring in one summer (1971) but not be 
apparent in the offspring in their second summer (overwintered animals 
in 1972). It is more likely that some other factor (food, aggression?) 


retarded the growth of all animals, regardless of age, in 1971. 
A Consideration of Three Hypotheses 


Control by weather 

Fuller (1967, 1969, Fuller et al. 1969) suggested that small mammal 
populations were controlled by FCP, winter, and SCP weather. Unfavorable 
conditions during all three periods would increase overwinter mortality 
and unfavorable weather during SCP would, in addition, delay spring 
growth, delay maturation, delay onset of breeding, decrease size of 
first litters, and decrease proportion of young maturing in the year of 
their birth. The overall effect of an unfavorable SCP, then, is to 


retard breeding, and hence decrease recruitment, leading to a low summer 
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population density. 

In my study, winter mortality varied between years in the taiga and 
between taiga and tundra. In the taiga, overwinter mortality was impor- 
tant in controlling spring population density but was not related to the 
rate of population increase the following summer. Fuller (1969, Fuller 
et al. 1969) also concluded this from his study. On the tundra, spring 
population density may have been similar each year. This could have been 
due to either similar fall population levels and similar overwinter 
mortality rates or variable fall population levels and variable over- 
winter mortality rates. Unfortunately, my data do not allow a resolu- 
tion of this problem. I suggest, however, that density independent 
Overwinter survival may occur. Tundra microtines have been shown to 
select for certain types of snow conditions within the spectrum avail- 
able to them (Fuller et al. 1975a, Pruitt 1966) and suitable overwinter- 
ing habitat may be very restricted. The amount of habitat available in 
any winter would be dependent on amount of snowfall and winter air 
temperatures that year. The absolute number of successfully overwinter- 
ing animals would, therefore, be set by winter conditions. 

In the taiga, an unfavorable SCP delayed maturation of adults and 
young and delayed mean birth date of litters. However, these delays 
were compensated for later in the breeding season and they did not 
alter recruitment. No delay in spring growth, size of first litters, 
or proportion of young maturing was observed. An unfavorable SCP, 
therefore, retarded breeding to some extent but did not alter recruit- 
ment. Fuller (1969) also found no alteration in C. rutilus recruitment 
in a year with an unfavorable SCP. 


My original hypothesis was that due to differences in snow cover 
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and environmental conditions, the effect of adverse fall, winter, and 
spring conditions would be more pronounced on the tundra than in the 
taiga and that this effect might be apparent in mortality rates, timing 
and intensity of reproduction, and general condition of the two popula- 
tions. Although early summer tundra data were scarce, making any compari- 
sons with taiga difficult, there appeared to be no differences in timing 
and intensity of reproduction or general condition between the two popu- 
lations which were directly attributable to differences in environmental 
conditions. However, the marked difference in overwinter mortality rate 
between the two areas was directly related to the severity of fall, 
winter, and spring conditions on the tundra. 

Both my study and Fuller's (1969) study offer no evidence that taiga 
C. ruttlus populations are controlled by FCP, winter, and SCP weather 
conditions, but the tundra population I studied may have been controlled 
by weather conditions during these periods. This offers some support for 


Fuller's (1967) hypothesis. 


Genetic-behavioral regulation 

Chitty (1960, 1967) felt that all rodent species are capable of 
limiting their own population densities without destroying food resources 
or depending on enemies or climatic accidents. He hypothesized self- 
regulatory mechanisms which work through natural selection for the 
genotypes most fit at the various phases in a cycle. This would result 
in marked differences in genetic composition and behavior of populations 
during a cycle. Krebs (Krebs et al. 1973, Krebs and Myers 1974), who 
also felt that a single mechanism may underlie all rodent cycles, noted 


that the results of his studies on Microtus in southern Indiana, as well 
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as the results of studies on a number of other microtines, were consis- 
tent with Chitty's hypothesis. These cycles follow a general pattern 
(Krebs and Myers 1974): 
(1) Increase Phase - a period of large increase in numbers usually 
three-fold to six-fold over a six month period, but occasionally 
over [2 Or even Siyears: 
(2) Peak Phase - a period of high numbers which may last only 
briefly or as much as 1 or even 2 years. In species with a 
well-defined peak an initial spring decline in numbers in a peak 
year may occur but this is followed by a more or less rapid rise 
in numbers so that fall numbers are similar to those in spring. 
(3) Decline Phase - a period of decline in numbers over a variable 
length of time. The decline may occur rapidly over the winter and 
early spring after a peak (type M), gradually over a year or less 


with no recovery over the breeding season (type G), or gradually 
over 1-2 years with some recovery during the breeding season 


(type H). 

(4) Phase of Low Numbers - a period of low numbers which is absent 

in some cycles and may last 1-3 years in others. Very little is 

known about this phase. 
Considering my data in terms of a cycle, the taiga population could have 
been in a peak phase in 1971, in a type H decline phase in 1972, and in 
an increase phase in 1973; while the tundra population can only be 
considered to have been in a phase of low numbers all three years. 

Krebs and Myers (1974) noted that certain characteristics of the 
population change in a cyclic manner accompanying the cycle of numbers. 
When the predicted trends in these bay dogical parameters are compared 
with the trends observed in the taiga population (Table 26), it can be 
seen that the observed and expected trends coincide for only four para- 
meters: length of breeding season, proportion of young maturing, juven- 
ile mortality, and aggression. No data on dispersal were available from 
my study. 


The breeding season may have been longer in 1973 (increase) than 
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in the other two years but the extension is based on only one female 
found pregnant September II. If this animal were excluded there would 
have been no marked difference in the length of breeding season between 
years. This is not the type of extension of breeding season character- 
istic of cyclic microtines in an increase phase, where breeding may 
continue through winter. 

Krebs and Myers (Ibtd.) report cases of populations in which the 
proportion of young maturing in the year of their birth varied with 
population density. They interpreted this variation to be a change in 
age at sexual maturity with phase of population cycle. Although, in my 
Study, the proportion of young breeding was higher in 1973 (increase) 
than in the other two years, there was no difference in age at sexual 
maturity. Age at sexual maturity has been inferred from body weights 
in many studies ([bid.), but body weight is a poor measure of chronolog- 
ical age. Therefore age at sexual maturity is an unreliable parameter 
unless a good criterion for chronological age is available. I suggest 
that the proportion of young maturing in the year of their birth may be 
better related to population density (ef. Koshkina 1974a) than to age 
at sexual maturity. 

In my study, early-cohort juvenile mortality did not differ between 
years but late-cohort mortality was probably less in 1973 (increase). 
This decrease did not appear to be related to weather conditions or food 
supply. The pattern of late-cohort juvenile mortality, therefore, fits 
that predicted by the cycle. 

I found that wounding was generally higher in 1971 (peak) than in 
the other two years, which fits the pattern predicted by the cycle. 


However, the level of wounding has also been related to population 
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density directly (Christian 197la). 

Therefore, the pattern of change in some biological parameters of 
the taiga population over three years shows little correlation with the 
pattern expected for cyclic microtines in general. Krebs and Myers 
(1974) also noted that genetic shifts have been found between nae in 
cyclic microtines and that these shifts may be reflected in skull and 
body measurements. But variations in skull and body measurements found 
in my study offer no evidence of having resulted from genetic change. 
The tundra population I studied can be considered to have been in a 
phase of low numbers for three years but very little is known about this 
phase and no comparison between observed and expected characteristics 
is possible. In general, then, the populations of C. ruttilus I studied 
domnot offer impressive evidence of being cyclic in the sense) of Krebs 
and Myers (Ibid.). 

Essentially all of the microtines considered by Krebs and Myers 
(Ibid.) to be cyclic (Microtus spp., Lemmus trimucronatus, Dtcrostonyx 
groenlandicus, Clethrtonomys rufocanus) are primarily grazers (Batzli 
and Pitelka 1971; Hansson 1971; Koshkina 1957, 1961; Sharp 1965) and 
feed on a seasonal food supply; whereas C. ruttilus and C. gapper? are 
gatherers and depend more on fruits and seeds (Dyke 1971, Koshkina 1957) 
which are more reliable although usually more sparsely distributed. 
McNab (1963) divided small mammals into those which eat fruits, seeds, 
and insects - hunters - and those which eat grass - croppers - and 
noted that, for species of about the same body weight, the home range 
of hunters was about four times that of croppers. He also found that 
home range was correlated with rate of metabolism; hunters have general- 


ly higher rates of metabolism than croppers. Therefore, he concluded, 
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hunters cannot generally maintain locally dense populations because of 
the limited amount of energy available within a given area, but croppers 
can, and hunters may be influenced more by environmental fluctuations 
than croppers. 

Given these quite different life styles, it would not be surprising 
if populations of gatherers (hunters) were controlled/regulated in a 
manner quite different from grazers (croppers). Tast and Kalela (1971) 
observed synchronous fluctuations in four grazing microtines (Microtus 
oeconomus, M. agrestts, Lemms lemmus, and C. rufocanus) but C. rutilus 
did not follow the same pattern. Krebs and Myers (1974) noted that 
"Some but not all species of Clethrtonomys seem to fluctuate in regular 
cycles, but whether fluctuations are related to feeding habits is not 
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Homeostatic regulation 

In the Soviet Union, Koshkina studied small mammal populations in 
the forest and tundra of the Kola Peninsula from 1947 to 1965 (addition- 
al data were available for the period 1936-41), and in three habitat 
types in the Salair taiga from 1958 to 1972 (Koshkina 1957; 1965; 1966a, 
b; 1967a,b; 1970; and others). These observations comprise some of the 
longest continuous records of small mammal populations available. 
Populations of C. rufocanus and C. glareolus on the Kola Peninsula 
fluctuated and may have cycled with a 4-5 year periodicity; while C. 
rutilus populations in the Salair taiga showed variable spring popula- 
tion densities and remarkably similar fall densities. Based on her 
observations, Koshkina postulated a mechanism of population regulation 


for small mammals, primarily of genus Clethrionomys (Koshkina 1974a,b). 
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She felt that a homeostatic, density-dependent feedback mechanism oper- 
ated to regulate population density at an optimum level, the highest 
level at which resources were not exhausted. The proportion of young-of- 
the-year which bred in the year of their birth was inversely correlated 
with number of overwintering animals in spring. This variable produc- 
tivity compensated for variable overwinter losses and produced a high 
and relatively stable peak summer density. She postulated that the 
mechanism operated through territoriality and other social interactions. 
This regulatory mechanism, she noted, evolved to maintain a dynamic 
equilibrium between the environmental resources and animal numbers. 

Homeostatic regulation, she found, operated best in species that 
were numerically dominant, characteristic of their habitat, and in the 
optimum part of their range, such as C. ruttlus in closed forests Oleic 
Salair taiga. In associated, numerically subdominant species and in 
species Gin pide Sint habitats population regulation mechanisms were not 
as well-developed. Populations of C. rufocanus and C. glareolus in 
forest tundra of the Kola Peninsula, suboptimum habitat for these 
species, showed a wide variability in breeding by young, but the varia- 
bility was related to migration and temporary settlement during periods 
of increase. The same regulatory mechanisms found in C. ruttlus in the 
Salair taiga operated, but were imperfect, and did not prevent overpopu- 
lation. When regulation was unsuccessful, high population densities 
resulted, balance was destroyed, food was depleted, and stress appeared. 
This imperfect regulation resulted in high peaks followed by deep 
depressions. 

Koshkina also observed that these homeostatic regulatory mechanisms 


were especially poorly developed in L. lemmus; increase in intensity of 
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breeding was observed to take place even in years of peak numbers. Rapid 
growth in ZL. lemmus numbers was almost unimpeded, except by emigration, 
and the resulting high densities depleted food supplies which could only 
be replenished slowly. As with populations of C. rufocanus and C. 
glareolus, L. Lemmus populations experienced high peaks followed by low 
depressions. 

These examples show variations from well-developed homeostatic regu- 
lation to its virtual absence. Koshkina noted that the method of regu- 
lation varied between species in a single area, and, within a species, 
between areas and between habitats in a single area. Thus, C. ruttlus 
populations were observed to be best regulated in closed forest in the 
optimum part of their range, the Salair taiga, and to be more poorly 
regulated both in mixed woods and woodlots in the Salair taiga, and in 
forest tundra of the Kola Peninsula. In these latter areas, environ- 
mental conditions exerted more control. Koshkina noted that even when 
relatively well-developed, these regulatory mechanisms will sometimes 
fail and the balance reached will be either higher or lower than optimun, 
but the mechanism will eventually return the population to an optimum 
level’ 

Although one may argue with the interpretations Koshkina put on some 
of her data, certain conclusions central to her hypothesis are clear: 

(i) populations of certain species in optimum habitats, under favorable 
environmental conditions, are capable of regulating their densities; 
(ii) the mechanism operates primarily through regulating the proportion 
of young-of-the-year maturing in the year of their birth, and this may 
be accomplished through territoriality and other social interactions; 


(iii) in suboptimum habitats the regulatory mechanism is less well- 
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developed and environmental conditions may play a large role in control- 
ling populations. 

The strongest evidence Koshkina had for her hypothesis came from 
her work on C. ruttlus in the Salair taiga (Koshkina 1974a). Ivanter 
(1974) examined small mammal populations in Karelia district, USSR, and 
concluded that the maintenance of optimum density and structural homeo- 
Stasis in a population was secured by specific autoregulating mechanisms 
operating by negative feedback. He noted that the mechanism operated 
through varying proportion of young-of-the-year breeding and rate of 
sexual maturation. He also observed that this pattern was most conspic- 
uous in C. glareolus and Microtus agrestis, the species characteristic 
of the habitat. In other species: in «the area, the effect of homeostatic 
mechanisms was much less and was seen only in periods of rapid increase; 
normally these species were controlled by extrinsic factors. Gubar' 
(1974) studied C. rutilus and C. glareolus populations in the Onega 
district of Arkhangelsk Oblast', USSR, and found density-dependent regu- 
lation of breeding in young-of-the-year but noted that the mechanisms by 
which it operated were unclear. He also found that poor weather inhib- 
ited summer increase in numbers. 

Some populations of Clethrionomys in North America have also shown 
little variation in peak summer densities between years. Whitney (1973), 
working in central Alaska, found similar summer densities of C. rutilus 
over 3 years and Fuller (1974), working just west of Great Slave Lake, 
N.W.T., found little fluctuation in numbers of C. rutilus and C. gappert 
over 4 summers. Fuller noted that densities of C. gapperi in early May 
were less than 1/ha and the maximum in August was 3/ha. He suggested 


that a population regulating mechanism (or mechanisms) was operating 
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but noted that it might have been independent of increasing population 
density because it was difficult to envision the necessary feedback at 
such low numbers. 

In my study, the taiga population showed a definite relationship 
between spring population density and the proportion of early-cohort 
animals breeding, and showed similar fall population densities in 1971 
and 1973. I suggest that homeostatic regulatory mechanisms, as hypothe- 
sized by Koshkina (1974a,b), were operating to attempt to maintain the 
population at an optimum density for the habitat. Because regulation of 
reproduction was not perfectly density dependent and because fall popu- 
lation level in 1972 was below that in the other ee years, it may be 
that the homeostatic mechanism was operating imperfectly, as Koshkina 
suggested was the case for populations in suboptimal habitats. The tun- 
dra population showed no density-related regulation of reproductive rate 
and appeared to have been controlled by environmental conditions, find- 
ings which are also consistent with Koshkina's hypothesis. 

Because my spring population densities were low, I am faced with 
the same question as Fuller (1974) was concerning the mechanism of feed- 
back at low densities. Krylov (1974), working on C. glareolus near 
Moscow, USSR, found that animals lived in distinct spatial groupings in 
spring; the density in these groupings was about two to seven times that 
of the area as a whole, depending on the year and area. Social inter- 
actions within these groupings may be significant even at generally low 
densities. Scent communication may also play a significant role. Scent 
communication in most small mammals has received little attention (see 
Eisenberg and Kleiman 1972 and Johnson 1973 for reviews). flowever, 


subtle changes in population density may be communicated through alter- 
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ations in marking frequency; the frequency of scent encounters by an 
individual in its daily travels may be high despite a very low level of 
actual encounters with other individuals, especially if home ranges are 
large and overlapping. Both spring groupings and scent communication 
may function together to produce socially induced population regulation 
at low densities. Elliott's (1969) removal experiments on a C. gappert 
population indicated that interaction between voles was important in 
determining breeding densities and territoriality has also been imp lica- 
ted in population regulation at both high (Bujalska 1970) and low (Smith 
1973) densities. The exact role of these factors must await future 


study. 
CONCLUSIONS 


In the taiga, spring population density of C. ruttilus declined from 
1971 to 1973; while peak summer density was high in 1971 and 1973 and 
low in 1972. These levels were affected primarily by variations in over- 
wintering mortality and annual production. 

Population density at snowmelt was controlled by overwintering mor- 
tality rate, which varied with environmental conditions during mid-winter 
and spring critical period. Adverse conditions during spring critical 
period also delayed mean birth dates of litters but did not affect total 
production. An increase in productivity in 1973 was caused at least in 
part by a cnet rane increase in the proportion of early-cohort females 
breeding. This increase appeared to have been related to low population 
density in early summer. A significant increase in the proportion of 
animals wounded was observed in 1971, the year of highest density, but 


there was no decrease in total production. 
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The taiga population appeared to have been regulated by density- 
dependent regulation of the proportion of early-cohort animals breeding; 
this seemed to have operated through feedback from spring population 
density. This mechanism is similar to the homeostatic, density-dependent 
feedback mechanism that Koshkina (1974a) postulated would regulate density 
at an optimum level, the highest level at which resources are not exhaus- 
ted. I therefore suggest that varying overwintering mortality rates act 
aS perturbations to the population which is then adjusted to the optimum 
level by this regulatory mechanism. 

On the tundra, both spring and peak summer population densities were 
probably relatively similar between years and generally much lower than 
those in the taiga. The homeostatic regulatory mechanism which was 
found operating in the taiga population was probably also operating in 
the tundra population but was unable to regulate population density at 
the optimum level because of the extremely high overwintering mortality 
rate. This situation is similar to that found by Koshkina (Jb7d.) for 
populations in habitats she considered to be suboptimum for the species 
she studied. Tundra, therefore, may be suboptimum habitat for C. rutzilus; 
hence the large role played by extrinsic factors. I suggest that the 
tundra population is controlled by density-independent overwintering 
survival and that this is related to the number of suitable overwinter- 
ing sites and environmental conditions during spring and fall critical 
periods and winter. 

In conclusion, the hypotheses I set out to test have been generally 
rejected. Fuller's hypothesis that winter conditions can control small 
mammal populations (Fuller 1967, Fuller et al. 1969) was accepted on the 


tundra but rejected in the taiga, and his hypothesis that spring critical 
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period can control small mammal populations by advancing or retarding 


breeding and thus altering recruitment (Fuller 1969) was reyecred in 


both areas. 
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Appendix 3a. Paired adrenal weights (Mean + SE) of over- 
wintered taiga animals April-June by 10-day periods. 
Sample size in parentheses. 
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Appendix 4a. Paired kidney weights (Mean + SE) of over- 
wintered taiga animals April-June by 10-day periods. 
Sample size in parentheses. 
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Appendix 6. Paired adrenal, paired kidney, and interscapular BAT 
weights of taiga animals November 1971-March 1972. Sample size 
in parentheses. 
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Appendix 10. Statistical differences (by t-test) in 
mean body length, condylobasal length, and corrected 
body weight between taiga males and females. 


Sampling overwintered early cohort late cohort 
period non-breeding 
TAT 2 Ee aS 71 si2s @3 


Body length 
Apr I = 
II G 
May I - - 


June I - - - 


July I - 


Aug I - - 3 - - - 


Sept II * - 
III me te aoe wh Sa 
Oct III O-8 *- <3 @* 


Condylobasal length 
Apr I - 
II - 
May I - - 


June I - - - 
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Corrected body weight 
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Aug I rd > < 


Sept II - - 
III - - - - - - 
Oct III 0 - - ks 
Sa nnn nna 
© = could not be tested 
- = not significant, p > 0.05 
* = 0.05 > p > 0.01 
** = 0,01 > p > 0.001 
p < 0.001 
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Appendix 19. 


Sampling Overwintered Early cohort Late cohort 
period Te eee 7S 72 72 


Body length 


Condylobasal length 


June II 
III 
July I 
EVI 
Aug II 
Sept I 
II 
Get II 
June II 
III 
July I 
ial 
Aug II 
Sept I 
II 
Octet 


Body weight 


a 


K** 


June II 
Lith 
Julyee 
II! 
Aug II 
Sepcal 
TE 
Uctey II 


= could not be tested 

= not significant, p > 0.05 
240.054 p 2 Onl 

Sa0.O0le> p py 0, OOL 

=p < 0.001 


0 


ak* 


Statistical differences (by t-test) in mean body 
length, condylobasal length, and corrected body weight between 
tundra males and female | 
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Tuktoyaktuk 


[] 1970 -71 

1971 -72 

1972 -73 
Inuvik 


Snow Depth (cm) 


ite 
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Appendix 23. Snow on the ground at the end of the month at Inuvik and 
Tuktoyaktuk. The 1961-1970 mean = SE + 95% CL and range is shown to 
the left for each month. 
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